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Figure 8.
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Figure 10A.
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Figure 11B.
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Figure 12.
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Figure 13.
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Figure 16A, B and C.
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Figure 21,

ATGAACACCTCAGTGCCCCCTGCTGTCAGTCCCAACATCACCGTCTTGGCACCAGGA
AAGGGTCCCTGGC
AAGTGGCATTCATCGGGATCACCACAGGCCTCCTGTCTCTGGCTACAGTGACAGGCA
ACCTGCTGGTGCT
CATCTCCTTCAAGGTCAACACAGAGCTCAAGACAGTCAACAACTACTTCCTGCTGAG
CCTGGCCTGTGCT
GATCTCATCATTGGCACTTTCTCCATGAACCTCTATACCACATACCTGCTCATGGGCC
ACTGGGCTCTGG
GCACACTGGCCTGTCGACCTCTGGCTGGCCCTGGACTATGTGGCCAGCAACGCCTCTG
TCATGAATCTTCT
GCTCATCAGCTTTGACCGTTACTTCTCAGTGACCCGACCCCTGAGCTACCGAGCCAA
GCGCACTCCCCGC
AGGGCAGCTCTGATGATTGGCCTCGCGTGGTTGGTTTCCTTCGTTICTCTGGGCCCCAG
CCATCCTCTTCT
GGCAATACCTAGTTGGGGAGCGGACAGTGCTGGCTGGGCAGTGCTACATCCAGTTC
CTCTCCCAACCCAT
CATCACTTTTGGCACAGCCATGGCCGCCTTCTACCTCCCTGTCACAGTCATGTGTACG
CTGTACTGGCGC
ATCTACCGGGAGACAGAAAACCGAGCCCGGGAGCTAGCAGCCCTACAGGGCTCTGA
GACACCAGGCAAAG
GTGGTGGCAGCAGCAGCAGCTCAGAGAGGTCACAGCCAGGAGCTGAAGGCTCACCC
GAGTCACCTCCAGG
CCOCTGCTGTCGCTGTTGCCGGGCACCCAGACTTCTGCAGGCCTACAGCTGGAAAGA
AGAAGAGGAAGAG
GATGAAGGCTCCATGGAGTCCCTCACATCCTCTGAAGGTGAGGAGCCTGGCTCAGA
AGTGGTGATCAAGA
TGCCTATGGTAGATCCTGAGGCACAGGCACCCACCAAGCAGCCTCCCAAAAGCTCC
CCAAATACAGTCAA
GAGGCCCACCAAGAAAGGCCGAGACCGAGGCGGCAAAGGCCAAAAACCCCGAGGG
AAGGAACAACTGGCC
AAGAGAAAGACCTTCTCACTGGTCAAGGAGAAGAAGGCAGCTCGGACCCTGAGTGC
CATCCTGCTGGCCT
TCATCCTCACCTGGACACCATATAACATCATGOGTGCTGGTGTCTACATTCTGCAAGG
ACTGTGTTCCAGA
AACCCTATGGGAGCTGGGCTACTGGCTTTGCTACGTCAACAGCACTGTCAACCCCAT
GTGCTACGCACTC
TGCAACAAAGCCTTCCGGGACACTTTCCGCCTGCTGTTGCTCTGCCGCTGGGACAAG
CGGCGCTGGCGLA
AAATCCCCAAGCGCCCTGGCTCTGTGCACCGCACCCCCTCCCGCCAATGCTAA

I mntsvppavs pnitvliapgk gpwgvafigi ttgllslaty tgnllvlist kvatelktvn
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Figure 21. {cont’d)

61 nyflislaca dliigtfsmn lyttyllmgh walgtlacd! wlaldyvasn asvmniifis

121 fdryfsvirp Isyrakripr raalmiglaw lvslvtwapa ilfwgvlvge rtviaggeyi

181 qflsgpittf gtamaatylp vivmctlywr iyretenrar elaalqgset pgkgggssss

241 sersgpgacg spesppgrec rccraprllg ayswkeeeee degsmeslts segeepgsev
301 vikmpmvdpe agaptkqppk sspntvkrpt kkgrdrggkg gkprgkeqgla krktfslvke
361 kkaartlsai Hafiltwtp ynimvlvstf ckdevpetlw elgywleyvn stvnpmeyal
421 cokafrdtfr Hllcrwdkr rwrkipkrpg svhrtpsrqe
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Figure 22.

ATGAATAACTCAACTAACTCCTCGAACAATGGTTIGGCTATTACCAGTCCTTACAAG
ACATTTGAAGTGG
TATTTATTGTCCTTGTGGCTGGATCCCTCAGTCTGGTGACCATCATTGGGAACATTCT
AGTCATGGTTTC
CATTAAAGTCAACCGCCACCTTCAGACTGTCAACAATTACTTCTTGTTCAGCCTGGC
CTGTGCTGACCTC
ATCATAGGTGTTTTCTCCATGAACTTGTATACCCTCTACACTGTGATTGGCTACTGGC
CTTTGGGACCTG
TAGTGTGCGACCTTTGGCTAGCCTTGGACTATGTTGTCAGCAATGCCTCCGTTATGA
ATCTTCTCATCAT
CAGCTTTGATAGATACTTCTGTGTCACAAAACCTCTAACCTACCCAGTTAAGCGGAC
CACAAAAATGGCA
GGCATGATGATTGCAGCTGCGTGGGTTCTTTCCTTCATCCTCTGGGCCCCAGCCATTC
TCTTCTGGCAGT
TCATCGTAGGGGTAAGGACTGTGGAAGACGGGGAGTGCTACATTCAGTTCTITTCCA
ACGCTGCCGTCAC
CTTTGGCACTGCCATTGCGGCTTTCTATCTGCCTGTCATCATCATGACTGTGCTCTAT
TGGCACATATCC
CGOGGCGAGCAAGAGCAGAATAAAGAAAGAAAAGAAGGAACCAGTGGCCAACCAAG
ACCCGGTGTCTCCGA
GTCTAGTGCAAGGAAGAATTGTAAAGCCAAACAACAACAACATGCCTGGTGGTGAT
GGTGGCCTGGAGCA
CAACAAGATCCAGAATGGCAAGGCTCCGCGGGACGGTGGGACTGAAAACTGCGTTC
AGGGGGAGGAGAAA
GAAAGCTCCAACGACTCCACGTCTGTCAGTGCCGTGGCCTCCAACATGAGAGATGA
TGAGATAACCCAGG
ATGAAAACACGGTTTCCACTITCCCTGGGCCACTCCAAAGATGACAACTCTAGGCAG
ACATGCATCAAAAT
TGTCACCAAGACCCAAAAGGGTGACGCATGCACACCAACAAGTACCACAGTAGAAC
TAGTGGGATCGTCA
GGTCAGAATGGTGATGAAAAGCAGAACATTGTAGCCCGCAAAATTGTGAAGATGAC
CAAGCAGCCTGCCA
AAAAGAAGCCTCCTCCATCCCGGGAAAAGAAAGTGACCAGGACAATCTTGGCTATC
CTGTTGGCTTTCAT
CATCACGTGGGCGCCATACAATGTCATGGTGCTCATCAATACCTTCTGTGCACCCTG
CATCCCCAATACA
GTGTGGACAATTGGCTACTGGCTCTGTTACATTAATAGCACCATCAACCCTGCCTGC
TATGCACTTTGTA
ACGCCACCTTCAAAAAGACTTTTAAGCACCTCCTTATGTGTCATTACAAGAACATAG
GCGCTACAAGGTAA

M2
I mnnstnssnn glaitspykt fevvfivlva gsislvtiig nilvmvsiky nrhlgtvany
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Figure 22. (cont’d)

61 fifslacadl iigvismnly tlytvigywp Igpvvediwl aldyvvsnas vmnlliistd

121 ryfevtkplt ypvkrttkma gmmiaaawvl sfilwapail fwgfivgvrt vedgecyiqf

181 fsnaavtfgt aiaatylpvi imtviywhis rasksrikke kkepvangdp vspslvggn

241 vkpnnnnmpg gdgglehnki qngkaprdgg tencvggeek essndstsvs avasnmrdde
301 igdentvst sighskddns rgtcikivtk tgkgdactpt sttvelvgss ggngdekqni

361 varkivkmtk gpakkkppps rekkvirtil aillafiitw apynvmvlin tfcapeipnt

421 vwtigywlcy instinpacy alcnattkkt fkhlimchyk nigatr
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Figure 23.

ATGACCTTGCACAGTAACAGTACAACCTCGCCTTTGTTTCCCAACATCAGCTCTTCCT
GGGTGCACAGTC
CCTCAGAGGCGGGGCTGCCCTTGGGGACAGTCTCTCAATTGGACAGCTACAACATTT
CCCAAACCTCTGG
GAATTTCTCCTCAAATGACACCTCCAGTGACCCTCTAGGGGGCCACACCATCTGGCA
AGTGGTCTTCATT
GCATTCTTGACTGGCTTCCTGGCATTGGTGACCATCATCGGCAACATCCTIGTCATTG
TGGCATTTAAGG
TCAACAAACAGCTGAAGACAGTCAACAACTACTTCCTCTTAAGCCTGGCCTGCGCAG
ATCTGATCATCGG
GGTCATTTCCATGAACCTGTTCACGACCTACATCATTATGAACCGCTGGGCTCTGGG
GAACTTAGCCTGT
GACCTCTGGCTTTCCATTGACTATGTGGCCAGCAATGCTTCTGTCATGAATCTGCTGG
TGATCAGCTTTG
ACAGGTACTTTTCTATTACCAGGCCACTCACTTACCGAGCCAAACGAACAACAAAAC
GAGCCGGTGTGAT
GATTGGTCTGGCTTGGGTCATCTICCTTTGTCCTGTGGGCTCCTGCCATCTTGTTCTGG
CAATACTTTGTA
GGGAAGAGAACTGTGCCCCCCOGAGAATCTTTCATTCAGTITCTAAGTGAGCCCACC
ATCACCTTCGGCA
CGGCGATCGCTGCCTTTTACATGCCTGTCACCATCATGACTATTITATACTGGAGAAT
CTATAAGGAGAC
TGAGAAACGTACCAAAGAGCTGGCTGGGCTACAGGCCTCTGGGACAGAAGCGGAAG
CAGAAAACTTTGTC
CACCCCACAGGCAGTTCTCGAAGCTGTAGCAGCTATGAGCTACAACAGCAAGGCAC
GAAACGGTCATCTA
GGAGGAAGTATGGTGGCTGTCACTTCTGGTTCACAACTAAGAGCTGGAAGCCCAGT
GCTGAGCAGATGGA
CCAAGACCACAGTAGCAGTGACAGTTGGAATAACAACGATGCTGCTGCCTCCCTGG
AAAACTCTGCTTCT
TCTGATGAAGAGGATATTGGCTCAGAGACCAGAGCCATCTATTCCATTGTACTCAAG
CTGCCGGGTCATA
GCACCATCCTCAACTCTACCAAGCTACCCTCCTCAGATAACCTGCAGGTGCCAGACA
AGGACCTGGGGAC
TATGGATGTAGAGAGAAATGCCCATAAGCTTCAGGCCCAGAAGAGTATGGATGACC
GTGACAACTGTCAG
AAGGACTTCTCCAAGCTCCCCATCCAGTTAGAGTCTGCCGTGGACACAGCCAAGACC
TCTGACACCAACT
CCTCGGTGGACAAGACCACGGCCGCTCTACCTCTGTCCTTCAAAGAAGCCACGCTGG
CTAAGAGGTTTGC
TCTCAAGACCAGAAGTCAGATCACCAAGCGGAAAAGGATGTCGCTCATCAAGGAGA
AGAAGGCCGCCCAG
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Figure 23. (cont’d)

ACACTCAGTGCCATCTTGCTGGCTTITCATCATCACGTGGACCCCCTACAACATCATG
GTCCTGGTGAACA
CCTTCTGTGACAGCTGCATACCCAAAACCTATTGGAATCTGGGCTACTGGCTGTGCT
ATATCAACAGCAC
CGTGAACCCCGTGTGCTATGCCCTGTGCAACAAGACATTCAGAACCACCTTCAAGAT
GCTTCTCTTATGC
CAGTGTGACAAGAGGAAGCGGCGCAAACAGCAGTACCAGCAGAGACAGTCCGTCA
TTTTTCACAAGCGAGTGCCTGAGCAGGCCTTGTAG

M3

I mtlhsnstts plfpnisssw vhspseaglp igtvsgldsy nisqtsgnfs sndtssdplg
61 ghtiwqgvvfi aftigflalv tignilviv afkvokqglkt vanyfllsla cadliigvis
121 malfttyiim nrwalgnlac dlwlsidyva snasvmnllv isfdryfsit rpityrakrt
181 tkragvmigl awvisfviwa pailfwqyfv ghrtvppgee tigtlsepti tfgtaiaafy
241 mpvtimtily wrivketekr tkelaglqas gteacaenfv hptgssrscs syelgqqgtk
301 rssrrkygge hfwfttkswk psaegmdqdh sssdswnnnd aaaslensas sdeedigset
361 raiysivlkl pghstilnst klpssdolgv pdkdigtmdy ernahklgaq ksmddrdacg
421 kdfsklpigl esavdtakis dmssvdktt aalplsfkea tlakrfatkt rsqitkrkrm
481 stikekkaaq tlsaillafi itwtpynimv tvntfedsei pktywnlgyw leyinstvnp
541 veyalenktf ritfkmlitic gedkrkerkg qyaqrgsvif hkrvpeqgal
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Figure 24.

ATGGCGAACTTCACACCTGTCAATGGCAGCTCAGCCAATCAGTCTGTGCGCCTGGTC
ACAACAGCCCACA
ACCACCTGGAGACAGTGGAGATGGTGTTCATTGCGACAGTGACTGGTTCCCTGAGCC
TGGTGACTGTGGT
GGGTAACATCCTGGTGATGCTGTCCATCAAGGTCAACAGGCAGTTGCAGACAGTCA
ACAACTACTTCCTG
TTCAGCCTGGCGTGTGCAGATCTCATCATAGGGGCGTTCTCTATGAACCTTTACACCT
TATACATCATCA
AGGGCTACTGGCCCCTGOGTGCCGTGGTCTGTGACCTGTGGCTGGCCCTGGACTATG
TGGTGAGCAATGC
CTCTGTCATGAACCTTCTCATCATCAGCTTTGACCGCTATTTCTGCGTCACCAAGCCC
CTCACCTATCCA
GCCCGCCGCACTACTAAGATGGCAGGCCTCATGATTGCAGCCGCCTGGGTCTTGTCC
TTTGTACTCTGGG
CCCCTGCCATCTTGTTCTGGCAGTTTGTGGTGGGCAAGAGGACAGTGCCTGATAACC
AGTGCTTCATCCA
GTTCTTGTCCAACCCGGCGGTGACCTTCGGCACAGCCATTGCTGCCTTCTACCTGCCT
GTGGTCATCATO
ACGGTGCTGTATATTCATATCTCGCTGGCCAGCCGCAGCCGTGTTCACAAGCATCGA
CCCGAGGGCCCCA
AGGAGAAGAAGGCCAAGACTCTGGCTTTCCTCAAGAGCCCTCTGATGAAGCCGAGC
ATTAAGAAACCTCC
ACCAGGGGGCGCTTCTCCAGAGGAACTGCGCAACGGGAAGCTAGAAGAGGCTCCTC
CGCCAGCCCTGCCC
CCGCCTCCACGCCCAGTGGCTGACAAGGACACTTCCAATGAGTCCAGCTCAGGCAG
TGCCACCCAGAACA
CCAAGGAACGGCCACCCACAGAGCTGTCCACCACAGAGGCCGCCACCACACCAGCG
CTGCCCGCTCCTAC
CCTGCAGCCACGAACCCTCAACCCAGCCTCCAAGTGGTCCAAGATCCAAATTGTGAC
AAAGCAGACAGGC
AGTGAATGTGTGACTGCCATCGAGATCGTACCTGCCACGCCAGCTGGTATGCGCCCA
GCAGCCAATGTGG
CCCGAAAGTTTGCCAGCATCGCTCGTAACCAGGTGCGCAAGAAGCGGCAGATGGLG
GCCCGGGAGCGCAA
AGTGACTCGGACAATCTTTGCCATTCTGCTGGCCTTCATCCTCACCTGGACACCCTAC
AATGTCATGGTC
CTGGTGAACACCTTTTGCCAGAGCTGTATCCCCGAAAGGGTGTGGTCCATCGGCTAC
TGGCTCTGCTACG
TCAACAGCACGATCAACCCTGCCTGCTATGCACTCTGCAATGCCACTTTCAAAAAGA
CCTTCCGGCACCT

TTTGCTGTGCCAGTATCGGAACATCGGCACAGCCAGGTAG

M4
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Figare 24. (cont’d)

1 manftpvngs sangsvrlvt tahnhletve mvfiatvigs Islvtvvgni lvmisikvar
61 glgtvonyfl fslacadlii gafsmnlyt! yitkgywplg avvediwlal dyvvsnasvin
121 nliisfdry fevtkpltyp arrttkmagl mizaawvlst viwapailfw gfvvgkrtvp
181 dnqcfigfis npavtfgtat aafylpvvim tvlyihisia srsrvhkhrp egpkekkakt
241 laflkspimk psikkpppgg asreelmgk leeapppalp ppprpvadkd tsnesssgsa
301 tgntkerppt elstteaatt palpaptlgp rtinpaskws kigivtkqtg secvtaieiv
361 patpagrarpa anvarkfast amgvrkkrg maarerkvtr tifailiafi twtpynvmy
421 lvntfeqsct pervwsigyw Icyvnstinp acyalenatf kktfrhillc gyraigtar
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Figure 25,

ATGGAAGGGGAGTCTTATCACAATGAAACCACTGTCAACGGCACCCCAGTAAATCA
CCAGGCTTTGGAAC
GCCATGGACTGTGGCGAAGTCATTACTATTGCAGCTGTGACCGCTGTGGTCAGTCTGA
TGACCATTGTCGG
CAATGTCTTGGTCATCGATCTCCTTCAAAGTCAACAGTCAGCTCAAGACAGTTAACAA
CTATTACCTGCTC
AGCTTGGCCTGTGCAGACCTCATCATTGGCATCTTCTCCATGAACCTCTACACGACC
TACATCCTCATGG
GACGCTGGGTTCTCGGGAGTCTGGCCTGTGACCTTTGGCTTGCACTCGACTATGTAG
CCAGCAACGCTTC
TGTCATGAACCTTICTGGTGATTAGCTTTGATCGTTACTTITTCCATCACAAGACCACTG
ACATACCGAGCC
AAGCGTACCCCAAAGAGGGCTGGCATCATGATCGGCTTGGCATGGCTGGTCTCCTTC
ATCCTCTGGGCGC
CAGCCATCCTCTGCTGGCAGTACTTGGTCGGGAAGCGGACAGTACCACCTGATGAGT
GCCAGATCCAGTT
CCTCTCTGAGCCCACCATCACTTTTGGGACCGCCATTGCCGCTTTCTATATCCCTGTC
TCCGTCATGACC
ATACTCTACTGCCGGATCTACCGGGAAACAGAGAAACGAACCAAGGACCTGGCTGA
CCTCCAAGGTTCCG
ATTCTGTGGCAGAAGTCAAGAAGAGAAAACCGGCTCACAGGACCCTGCTCAGATCT
TICTTTAGCTGCCC
TAGACCCAGCCTGGCCCAGAGAGTACGGAACCAGGCCTCCTGGTCATCCTCCCGTA
GAAGCACCTCAACA
ACGGGAAAGCCAACCCAGGCCACTGATCTAAGTGCTGACTGGGAAAAGGCTGAGCA
GGTTACCAACTGTA
GCAGCTGCCCCTCTTCAGAGGACGAAGCCAAGGCCACCACTGACCCTGTCTTTCAAG
TGGTCTGCAAGAA
TGAGGCCAAGGAAAGCCCGGGGAAGGAATTCAATACCCAAGAGACCAAGGAAACG
TITGTGAGCCCTCGG
ACTGAAAACAATGACTATGACACTCCCAAGTACTTCCTGTCTCCAGGTGCTGCTCAC
AGACTCAAGAGTC
AGAAGTGTGTTGCCTATAAGTTCCGATTGGTGGTAAAAGCTGACGGGACCCAGGAG
ACAAACAATGGCTG
TCGTAAGGTGAAAATCATGCCCTGTITCCTTCCCAGTGTCCAAAGACCCTTCAACAAA
AGGCCTGGATCCC
CACCTCAGCCATCAAATGACCAAACGAAAGAGAATGGTCCTAGTCAAAGAGAGGAA
AGCGGCOGCAGACCT
TGAGCGCCATTCTCCTGGCCTTCATCATCACATGGACTCCTTATAACATCATGGTCCT
GGTTTCCACCIT
CTGTGACAAGTGTGTCCCTGTCACCCTGTGGCACTTGGGTTACTGGCTGTGCTATGTC
AACAGCACCATC
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Figure 25. (cont’d)

AACCCCATCTGTTACGCTCTCTGCAACAGAACCTTCAGGAAGACCTTTAAGCTGCTG
CTTCTCTGCCGGT
GGAAAAAGAAAAAAGTAGAAGAGAAATTGTATTGGCAAGGCAACAGCAAGCTACC
CTGA

MS5
1 megesyhnet tvngtpvnhq alerhglwev itiaavtavv simtivgnvl vmistkvnsg

61 tktvnnyyil slacadliig ifsmnlyvtty ilmgrwvlgs lacdiwlald yvasnasvmn
121 Hvistdryf sitrpltyra krtpkragim iglawlvsfi twapailcwg yivgkrtvpp
181 decqigflse ptitfgtaia afyipvsvmt ilycriyret ekrtkdladl qgsdsvaevk
241 krkpahrtll rsffscprps lagrvngas wsssrrstst tgkptgatdl sadwekaeqgv
301 tncssepsse deakattdpy fqvvekneak espgkefntq etketfvspr tenndydtpk
361 yflspgaahr ksgkevayk frivvkadgt getnngerkv kimpesfpvs kdpstkgldp
421 hishqmtkek rmvlvkerka aqtlsailla fiitwtpyni mvlvstfedk cvpviiwhlg
481 ywlicyvnsti npicyalenr tfrktfkill lerwkkkkve eklywqgnsk Ip
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Figure 26.

ATGTGTAAGAGTGTGACCACAGGTGAGTGGAAGAAGGTCTTCTACGAGAAGATGGA
GGAGGTGAAGCCAG
CGGACAGCTGGGACTTCATCATAGACCCCAACCTCAAGCACAATGTGTTGGCCCCTG
GCTGGAAGCAGTA
CCTGGAACTTCATGCCTCAGGCAGGTTCCACTGTICCTGGTGCTGGCACACCTGGCA
GTCACCCCATGTA
GTCATCCTCTTCCACATGTACCTGGACAAGGCTCAGCGCGCTGGTTCGGTGCGCATG
CGTGTGTTCAAGC
AGCTCTGCTACGAGTGCGGTACAGCACGGCTGGATGAGTCCAGCATGCTGGAGGAG
AACATCGAAAGCCT
GGTGGACAACCTCATCACCAGTTTGCGAGAGCAGTGCTACGGGGAGCGTGGTGGCC
ACTACCGCATCCAT
GTGGCCAGCCGGCAGGACAACCGGCGACACCGCGGAGAGTTCTGCGAGGCCTGCCA
GGAAGGCATCGTGC
ACTGGAAGCCCAGTGAGAAGCTGCTGGAGGAGGAGGCGACCACCTACACCTTCTCC
CGTGCTCCCAGCCC
CACCAAACCGCAGGCTGAAACAGGCTCAGGCTGCAACTTCTGCTCCATTCCCTGGTG
CTTATTTTGGGCC
ACGGTTTTGATGCTCATCATCTACCTGCAATTCTCCTTCCGTACTTCTGTCTAA
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COMPOSITIONS AND METHODS FOR
ENHANCING ODORANT RECEPTOR
ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase Entry of pending
International Patent Application No. PCT/US2010/059093,
international filing date Dec. 6, 2010, which claims priority to
U.S. Provisional Application Ser. No. 61/266,805, filed Dec.
4, 2009, the contents of which are incorporated by reference
in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made in part with government support
under Grant No. RO1DC005782 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

FIELD OF THE INVENTION

The present invention relates to polypeptides capable of
modulating odorant receptor activation. In particular, the
present invention provides polypeptides (e.g., type 3 musca-
rinic actetylcholine receptor M3) capable of enhancing odor-
ant receptor activation. The present invention further provides
assays for the detection of ligands specific for various odorant
receptors. Additionally, the present invention provides meth-
ods of screening for polypeptide polymorphisms and muta-
tions associated with odorant receptor activation (e.g., poly-
morphisms and mutations associated with muscarinic
actetylcholine receptor polypeptides (e.g., M1, M2, M3, M4,
MS5)), as well as methods of screening for therapeutic agents,
ligands, and modulators of such proteins.

BACKGROUND OF THE INVENTION

The olfactory system represents one of the oldest sensory
modalities in the phylogenetic history of mammals. Olfaction
is less developed in humans than in other mammals such as
rodents. As a chemical sensor, the olfactory system detects
food and influences social and sexual behavior. The special-
ized olfactory epithelial cells characterize the only group of
neurons capable of regeneration. Activation occurs when
odiferous molecules come in contact with specialized pro-
cesses known as the olfactory vesicles. Within the nasal cav-
ity, the turbinates or nasal conchae serve to direct the inspired
air toward the olfactory epithelium in the upper posterior
region. This area (only a few centimeters wide) contains more
than 100 million olfactory receptor cells. These specialized
epithelial cells give rise to the olfactory vesicles containing
kinocilia, which serve as sites of stimulus transduction.

There are three specialized neural systems are present
within the nasal cavities in humans: 1) the main olfactory
system (cranial nerve 1), 2) trigeminal somatosensory system
(cranial nerve V), 3) the nervus terminalis (cranial nerve 0).
CN I mediates odor sensation. It is responsible for determin-
ing flavors. CN V mediates somatosensory sensations,
including burning, cooling, irritation, and tickling. CN O is a
ganglionated neural plexus. It spans much of the nasal
mucosa before coursing through the cribriform plate to enter
the forebrain medial to the olfactory tract. The exact function
of the nervus terminalis is unknown in humans.
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The olfactory neuroepithelium is a pseudostratified colum-
nar epithelium. The specialized olfactory epithelial cells are
the only group of neurons capable of regeneration. The olfac-
tory epithelium is situated in the superior aspect of each
nostril, including cribriform plate, superior turbinate, supe-
rior septum, and sections of the middle turbinate. It harbors
sensory receptors of the main olfactory system and some CN
V free nerve endings. The olfactory epithelium loses its gen-
eral homogeneity postnatally, and as early as the first few
weeks of life metaplastic islands of respiratory-like epithe-
lium appear. The metaplasia increases in extent throughout
life. Itis presumed that this process is the result of insults from
the environment, such as viruses, bacteria, and toxins.

There are 6 distinct cells types in the olfactory neuroepi-
thelium: 1) bipolar sensory receptor neurons, 2) microvillar
cells, 3) supporting cells, 4) globose basal cells, 5) horizontal
basal cells, 6) cells lining the Bowman’s glands. There are
approximately 6,000,000 bipolar neurons in the adult olfac-
tory neuroepithelium. They are thin dendritic cells with rods
containing cilia at one end and long central processes at the
other end forming olfactory fila. The olfactory receptors are
located on the ciliated dendritic ends. The unmyelinated
axons coalesce into 40 bundles, termed olfactory fila, which
are ensheathed by Schwann-like cells. The fila transverses the
cribriform plate to enter the anterior cranial fossa and consti-
tute CN 1. Microvillar cells are near the surface of the neu-
roepithelium, but the exact functions of these cells are
unknown. Supporting cells are also at the surface of the epi-
thelium. They join tightly with neurons and microvillar cells.
They also project microvilli into the mucus. Their functions
include insulating receptor cells from one another, regulating
the composition of the mucus, deactivating odorants, and
protecting the epithelium from foreign agents. The basal cells
are located near the basement membrane, and are the progeni-
tor cells from which the other cell types arise. The Bowman’s
glands are a major source of mucus within the region of the
olfactory epithelium.

The odorant receptors are located on the cilia of the recep-
tor cells. Each receptor cell expresses a single odorant recep-
tor gene. There are approximately 1,000 classes of receptors
at present. The olfactory receptors are linked to the stimula-
tory guanine nucleotide binding protein Golf. When stimu-
lated, it can activate adenylate cyclase to produce the second
messenger cAMP, and subsequent events lead to depolariza-
tion of the cell membrane and signal propagation. Although
each receptor cell only expresses one type of receptor, each
cellis electrophysiologically responsive to a wide but circum-
scribed range of stimuli. This implies that a single receptor
accepts a range of molecular entities.

The olfactory bulb is located on top of the cribriform plate
at the base of the frontal lobe in the anterior cranial fossa. It
receives thousands of primary axons from olfactory receptor
neurons. Within the olfactory bulb, these axons synapse with
a much smaller number of second order neurons which form
the olfactory tract and project to olfactory cortex. The olfac-
tory cortex includes the frontal and temporal lobes, thalamus,
and hypothalamus.

Although mammalian ORs were identified over 10 years
ago, little is known about the selectivity of the different ORs
for chemical stimuli, mainly because it has been difficult to
express ORs on the cell surface of heterologous cells and
assay their ligand-binding specificity (see, e.g., Mombaerts,
P. (2004) Nat Rev Neurosci 5, 263-278; herein incorporated
by reference in its entirety). The reason is that OR proteins are
retained in the ER and subsequently degraded in the proteo-
some (see, e.g., Lu, M., et al., (2003) Traffic 4, 416-433;
McClintock, T. S., (1997) Brain Res Mol Brain Res 48, 270-
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278; each herein incorporated by reference in their entireties).
Despite these difficulties, extensive efforts have matched
about 20 ORs with cognate ligands with various degrees of
certainty (see, e.g., Bozza, T., et al., (2002) J Neurosci 22,
3033-3043; Gaillard, 1., et al., (2002) Eur J Neurosci 15,
409-418; Hatt, H., et al., (1999) Cell Mol Biol 45, 285-291;
Kajiya, K., et al., (2001) J Neurosci 21, 6018-6025; Krau-
twurst, D., et al., (1998) Cell 95, 917-926; Malnic, B., et al.,
(1999) Cell 96, 713-723; Raming, K., et al., (1993) Nature
361, 353-356; Spehr, M., et al., (2003) Science 299, 2054-
2058; Touhara, K., et al., (1999) Proc Natl Acad Sci USA 96,
4040-4045; Zhao, H., et al., (1998) Science 279, 237-242;
each herein incorporated by reference in their entirety). Add-
ing the 20 N-terminal amino acids of rhodopsin (e.g., Rho-
tag) or a foreign signal peptide to the N-terminus facilitates
surface expression of some ORs in heterologous cells (see,
e.g., Hatt, H., et al., (1999) Cell Mol Biol 45, 285-291; Krau-
twurst, D., et al., (1998) Cell 95, 917-926; each herein incor-
porated in their entirety). However, for most ORs, modifica-
tions do not reliably promote cell-surface expression. For
example, ODR-4, which is required for proper localization of
chemosensory receptors in C. elegans, has a small effect on
facilitating cell-surface expression of one rat OR, but not
another OR (see, e.g., Gimelbrant, A. A., et al., (2001) J Biol
Chem 276, 7285-7290; herein incorporated by reference).
These findings indicate that olfactory neurons have a selective
molecular machinery that promotes proper targeting of OR
proteins to the cell surface, but no components of this machin-
ery have been identified (see, e.g., Gimelbrant, A. A, et al.,
(2001) J Biol Chem 276, 7285-7290; McClintock, T. S., and
Sammeta, N. (2003) Neuroreport 14, 1547-1552; each herein
incorporated by reference in their entirety).

What is needed is a better understanding of olfactory sen-
sation. What is further needed is a better understanding of
odorant receptor function.

SUMMARY OF THE INVENTION

A diverse repertoire of G-protein coupled receptors
(GPCRs) allows cells to sense their environment. Mamma-
lian olfaction requires the activation of odorant receptors
(ORs), the largest family of GPCRs, but whether a broad
range of ORs exhibit functional interactions with non-OR
GPCRs is unclear. In experiments conducted during the
course of developing embodiments for the present invention,
it was demonstrated that the interaction of ORs with the type
3 muscarinic acetylcholine receptor M3, which is coex-
pressed with ORs in olfactory sensory neurons (OSNs), is
important for the response of ORs to cognate odor ligands.
For example, it was shown that in HEK293T cells, ORs and
M3 can be coprecipitated, and coexpression of M3 increases
the potency and efficacy of odor-elicited responses of a broad
range of ORs. In addition, by monitoring the odor response of
acutely dissociated mice OSNs, odor-dependent activation of
OSNss is attenuated by M3-selective antagonists was demon-
strated. In parallel, it was shown that when M3 is coex-
pressed, OR activation can be further enhanced by muscarinic
agonists and inhibited by muscarinic antagonists in
HEK293T cells. Furthermore, it was shown that M3-depen-
dent potentiation of OR signaling is synergistic with that of
RTPIS, an accessory factor required for efficient OR mem-
brane-targeting. However, coexpression of M3 does not seem
to enhance the cell-surface expression of ORs, suggesting
that M3 acts through mechanism independent of RTP1, for
example, by enhancing (e.g., promoting) the response of ORs
already at the cell surface. Finally, OR activation by cognate
odors transactivates M3 in the absence of M3 agonist. The
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crosstalk between ORs and M3 suggests, for example, that the
functional coupling of ORs and M3 is important for robust
OR activation.

Accordingly, the present invention relates to polypeptides
capable of modulating odorant receptor activation. In particu-
lar, the present invention provides polypeptides (e.g., type 3
muscarinic actetylcholine receptor M3) capable of enhancing
odorant receptor activation. The present invention further
provides assays for the detection of ligands specific for vari-
ous odorant receptors. Additionally, the present invention
provides methods of screening for polypeptide polymor-
phisms and mutations associated with odorant receptor acti-
vation (e.g., polymorphisms and mutations associated with
muscarinic actetylcholine receptor polypeptides (e.g., M1,
M2, M3, M4, M5)), as well as methods of screening for
therapeutic agents, ligands, and modulators of such proteins.

In certain embodiments, the present invention provides cell
lines expressing an odorant receptor, wherein the expression
is localized to the cell surface, wherein the cell line comprises
a heterologous gene having at least 80% nucleic acid
sequence similarity to SEQ ID NOS: 1, 2, 3, 4, or 5, wherein
the heterologous gene encodes a Muscarinic Acetylcholine
Receptor polypeptide (e.g., M1, M2, M3, M4, M5). In some
embodiments, the odorant receptor is a human odorant recep-
tor, a murine odorant receptor or a synthetic odorant receptor.
In some embodiments, the cell line further comprises a gene
having at least 80% nucleic acid similarity to SEQ ID NO: 6,
wherein the heterologous gene encodes an RTP1S polypep-
tide.

In certain embodiments, the present invention provides
methods for identifying an odorant receptor ligand, compris-
ing providing a cell comprising an odorant receptor, wherein
the cell further comprises a heterologous nucleic acid encod-
ing a polypeptide comprising an amino acid sequence that is
at least 80% identical to SEQ ID No. 3, wherein the polypep-
tide is capable of promoting odorant receptor activity and at
least one test compound; exposing the test compound to the
cell; and detecting the activity of the odorant receptor.

In some embodiments, the cell further expresses a polypep-
tide known to assist in cell surface localization of odorant
receptors (e.g., REEP polypeptides, RTP polypeptides (see,
e.g., U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,592; U.S.
Patent Application Publication Nos. 2010/0222561, 2009/
0124003, 2009/0092997; each herein incorporated by refer-
ence in its entirety). In some embodiments, the polypeptide
known to assist in cell surface localization of odorant recep-
tors is any variant or wild type form of REEP and/or RTP. In
some embodiments the polypeptide known to assist in cell
surface localization of odorant receptors is any variant or wild
type form of RTP1. In some embodiments the polypeptide
known to assist in cell surface localization of odorant recep-
tors is an RTP1S polypeptide.

In some embodiments, the at least one test compound
comprises more than one test compound. In some embodi-
ments, the detecting comprises detecting a reporting agent. In
some embodiments, the odorant receptor is a human odorant
receptor, a murine odorant receptor or a synthetic odorant
receptor. In some embodiments, the test compound is an
odoriferous molecule. In some embodiments, the at least one
test compound is exposed in the presence of a reference
compound previously identified as a ligand for the odorant
receptor. In some embodiments, the at least one test com-
pound corresponds to a mixture of different test compounds.
In some embodiments, the methods further comprise detect-
ing the presence or absence of an odorant receptor ligand
based upon the activity. In some embodiments, the exposing
the test compound to the cell occurs in a setting selected from
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the group consisting of an in vitro setting, an in vivo setting,
an in vitro setting, and an ex vivo setting.

In certain embodiments, the present invention provides
methods for identifying an odorant receptor ligand, compris-
ing providing a cell comprising an odorant receptor, wherein
the cell further comprises a polypeptide comprising an amino
acid sequence that is at least 80% identical to SEQ ID No. 9,
wherein the polypeptide is capable of promoting odorant
receptor activity and at least one test compound; exposing the
test compound to the cell; and detecting the activity of the
odorant receptor.

Insome embodiments, the cell further expresses a polypep-
tide known to assist in cell surface localization of odorant
receptors (e.g., REEP polypeptides, RTP polypeptides (see,
e.g., U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,592; U.S.
Patent Application Publication Nos. 2010/0222561, 2009/
0124003, 2009/0092997; each herein incorporated by refer-
ence in its entirety). In some embodiments, the polypeptide
known to assist in cell surface localization of odorant recep-
tors is any variant or wild type form of REEP and/or RTP. In
some embodiments the polypeptide known to assist in cell
surface localization of odorant receptors is any variant or wild
type form of RTP1. In some embodiments the polypeptide
known to assist in cell surface localization of odorant recep-
tors is an RTP1S polypeptide.

In some embodiments, the at least one test compound
comprises more than one test compound. In some embodi-
ments, the detecting comprises detecting a reporting agent. In
some embodiments, the odorant receptor is a human odorant
receptor, a murine odorant receptor or a synthetic odorant
receptor. In some embodiments, the test compound is an
odoriferous molecule. In some embodiments, the at least one
test compound is exposed in the presence of a reference
compound previously identified as a ligand for the odorant
receptor. In some embodiments, the at least one test com-
pound corresponds to a mixture of different test compounds.
In some embodiments, the methods further comprise detect-
ing the presence or absence of an odorant receptor ligand
based upon the activity. In some embodiments, the exposing
the test compound to the cell occurs in a setting selected from
the group consisting of an in vitro setting, an in vivo setting,
an in vitro setting, and an ex vivo setting.

In certain embodiments, the present invention provides
methods for enhancing olfactory activity (e.g., odorant recep-
tor activity) in a subject comprising administering to a subject
a composition configured to increase (e.g., enhance) M3
activity. In some embodiments, the composition is configured
to increase M3 expression. In some embodiments, the subject
is a human being. In some embodiments, the subject is suf-
fering from an olfactory disorder (e.g., anosmia, hyposmia,
dysomia, phantosmia, hyperosmia, olfactory agnosia, upper
respiratory infections, tumors of the anterior cranial fossa,
and Kallmann syndrome, Foster Kennedy syndrome, Parkin-
son’s disease, Alzheimer’s disease, Huntington chorea). In
some embodiments, the methods further comprise adminis-
tering to the subject a composition comprising an M3 agonist.
Examples of M3 agonists include, but are not limited to,
acetylcholine, bethanechol, carbachol, oxotremorine, and
pilocarpine.

In certain embodiments, the present invention provides
methods for inhibiting olfactory activity (e.g., odorant recep-
tor activity) in a subject comprising administering to a subject
a composition configured to inhibit M3 activity. In some
embodiments, the composition is configured to inhibit and/or
prevent M3 expression. In some embodiments, the composi-
tion configured to inhibit M3 activity is an M3 antagonist.
Examples of M3 antagonists include, but are not limited to,
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6
atropine, dicycloverine, tolterodine, oxybutynin, ipratro-
pium, darifenacin, and titropium. In some embodiments, the
subject is a human being.

In certain embodiments, the present invention provides
methods for inhibiting olfactory activity (e.g., odorant recep-
tor activity) in a subject comprising administering to a subject
a composition configured to enhance M2 and/or M4 activity.
In some embodiments, the composition is configured to
inhibit and/or prevent M2 and/or M4 expression. In some
embodiments, the subject is a human being. In some embodi-
ments, the composition comprises an M2 and/or M4 agonist.
Examples of M4 agonists include, but are not limited to,
cetylcholine, carbachol, oxotremorine, [Y-2033298,
VU-0152100,VU-0152099 (see, e.g., Chan WY, et al (2008)
PNAS 105 (31); Brady A E, et al. (2008) J. Pharmacol. Exp.
Ther. 327 (3): 941-53; each herein incorporated by reference
in its entirety). Examples of M2 agonists include, but are not
limited to, bethanechol and (2S,2'R,3'S,5'R)-1-methyl-2-(2-
methyl-1,3-oxathiolan-5-yl)pyrrolidine 3-sulfoxide methyl
iodide (selective for M2 but only partial agonist) (see, e.g.,
Scapecchi S, et al., J. Med. Chem. 49 (6): 1925-31; herein
incorporated by reference in its entirety).

In certain embodiments, the present invention provides a
method for identifying an odorant receptor ligand, compris-
ing the steps of a) providing i) a cell line or cell membranes
thereof comprising an odorant receptor and a reporting agent,
and ii) a test compound; b) exposing the test compound to the
cell line; and ¢) measuring the activity of the reporting agent.
In some embodiments, the cell line expresses M1, M2, M3,
M4, and/or MS5. In some embodiments, the cell line expresses
M3. In some embodiments, the cell line expresses a polypep-
tide known to assist in cell surface localization of odorant
receptors (e.g., REEP polypeptides, RTP polypeptides (see,
e.g., U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,592; U.S.
Patent Application Publication Nos. 2010/0222561, 2009/
0124003, 2009/0092997; each herein incorporated by refer-
ence in its entirety). In some embodiments, the polypeptide
known to assist in cell surface localization of odorant recep-
tors is any variant or wild type form of REEP and/or RTP. In
some embodiments the polypeptide known to assist in cell
surface localization of odorant receptors is any variant or wild
type form of RTP1. In some embodiments the polypeptide
known to assist in cell surface localization of odorant recep-
tors is an RTP1S polypeptide. In some embodiments, the cell
line is a heterologous cell line or a natural cell line. In some
embodiments, the cell line is a 293T cell line. In some
embodiments, the odorant receptor is a human odorant recep-
tor. In some embodiments, the test compound is an odiferous
molecule. In even further embodiments, the reporting agent is
regulated by a cAMP responsive element. In some embodi-
ments, the cell line further comprises G, In other embodi-
ments, the odorant receptor is a murine odorant receptor. In
other embodiments, the odorant receptor is a synthetic odor-
ant receptor. In some embodiments, the odorant receptor may
be selected from, for example, OR-S6, Olfr62, S6/79, S18,
S46, S50, MOR23-1, MOR31-4, MOR31-6, MOR32-5 and/
or MOR32-11. In other embodiments, the reporting agent is
anilluminating agent. In some embodiments, the illuminating
agent is luciferase. In some embodiments, the method further
comprises the step of detecting the presence or absence of an
odorant receptor ligand based upon the reporting agent activ-
ity.

In some embodiments, the present invention provides a cell
line coexpressing an odorant receptor, wherein the expression
is localized to the cell surface, and a heterologous gene. In
some embodiments, the heterologous gene comprises one or
more of M1, M2, M3, M4, M5. In some embodiments, the
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heterologous gene is M3. In some embodiments, the cell line
expresses a polypeptide known to assist in cell surface local-
ization of odorant receptors (e.g., REEP polypeptides, RTP
polypeptides (see, e.g., U.S. Pat. Nos. 7,425,445, 7,838,288,
7,691,592; U.S. Patent Application Publication Nos. 2010/
0222561, 2009/0124003, 2009/0092997; each herein incor-
porated by reference in its entirety). In some embodiments,
the polypeptide known to assist in cell surface localization of
odorant receptors is any variant or wild type form of REEP
and/or RTP. In some embodiments the polypeptide known to
assist in cell surface localization of odorant receptors is any
variant or wild type form of RTP1. In some embodiments the
polypeptide known to assist in cell surface localization of
odorant receptors is an RTP1S polypeptide. In some embodi-
ments, the cell line is a 293T cell line. In some embodiments,
the odorant receptor is a human odorant receptor. In some
embodiments, the odorant receptor is tagged with a reporting
agent. In some embodiments, the reporting agent is an illu-
minating reporting agent. In some embodiments, the illumi-
nating reporting agent comprises glutathione-S-transferase
(GST), c-myc, 6-histidine (6x-His), green fluorescent protein
(GFP), maltose binding protein (MBP), influenza A virus
haemagglutinin (HA), f-galactosidase, or GAL4. In some
embodiments, the cell line further comprises G, expres-
sion. In some embodiments, the odorant receptor is a murine,
human or synthetic odorant receptor. In some embodiments,
the odorant receptor comprises OR-S6, Olfr62, S6/79, S18,
S46, S50, MOR23-1, MOR31-4, MOR31-6, MOR32-5 and
MOR32-11.

The present invention further provides an isolated nucleic
acid comprising a sequence encoding a protein comprising
SEQ ID NOs: 1-5, and variants thereof that are at least 80%
identical to SEQ ID NOs: 1-5. In some embodiments, the
sequence is operably linked to a heterologous promoter. In
some embodiments, the sequence is contained within a vec-
tor. In some embodiments, the vector is within a host cell.

The present invention also provides isolated and purified
nucleic acid sequences that hybridize under conditions of
high stringency to a nucleic acid comprising SEQ ID NOs: 1,
2, 3, 4, and/or 5. In some embodiments, the sequence is
operably linked to a heterologous promoter. In some embodi-
ments, the sequence is contained within a vector. In some
embodiments, the host vector is within a host cell. In further
some embodiments, the host vector is expressed in a host cell.
In some embodiments, the host cell is located in an organism,
wherein the organism is a non-human animal. In some
embodiments, the present invention provides a polynucle-
otide sequence comprising at least fifteen (e.g., 15, 18, 20, 21,
25, 50, 100, 1000, . . . ) nucleotides capable of hybridizing
under stringent conditions to the isolated nucleotide
sequence.

In some embodiments, the present invention provides a
polypeptide encoded by a nucleic acid selected from the
group consisting of SEQ ID NOs: 1-5 and variants thereof
that are at least 80% identical to SEQ ID NOs: 1-5. In further
embodiments, the protein is at least 90% identical to SEQ ID
NOs: 1-5. In even further embodiments, the protein is at least
95% identical to SEQ ID NOs: 1-5.

In some embodiments, the present invention provides a
composition comprising a nucleic acid that inhibits the bind-
ing of at least a portion of a nucleic acid selected from the
group consisting of SEQ ID NOs: 1-5 to their complementary
sequences.

In some embodiments, the present invention provides a
method for detection of a variant muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) polypeptide in a sub-
ject, comprising providing a biological sample from a sub-
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ject, wherein the biological sample comprises a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) polypep-
tide; and detecting the presence or absence of a variant mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
polypeptide in the biological sample. In some embodiments,
the biological sample is selected from the group consisting of
a blood sample, a tissue sample, a urine sample, and an
amniotic fluid sample. In further embodiments, the subject is
selected from the group consisting of an embryo, a fetus, a
newborn animal, and a young animal. In further embodi-
ments, the animal is a human. In some embodiments, the
detecting comprises differential antibody binding. In further
embodiments, the detection comprises a Western blot.

In some embodiments, the present invention provides a kit
comprising a reagent for detecting the presence or absence of
a variant muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) polypeptide in a biological sample. In some
embodiments, the kit further comprises instruction for using
the kit for the detecting the presence or absence of a variant
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptide in a biological sample. In some embodi-
ments, the instructions comprise instructions required by the
U.S. Food and Drug Agency for in vitro diagnostic kits. In
some embodiments, the reagent is one or more antibodies. In
some embodiments, the biological sample is selected from
the group consisting of a blood sample, a tissue sample, a
urine sample, and an amniotic fluid sample. In some embodi-
ments, the reagents are configured to detect a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) nucleic
acid sequence.

In some embodiments, the present invention provides a
method for screening compounds, comprising providing a
sample expressing a heterologous muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) polypeptide and a test
compound; and exposing the sample to the test compound and
detecting a biological effect. In some embodiments, the
sample comprises a cell. In some embodiments, the sample
comprises a tissue. In some embodiments, the sample is
found in a subject. In some embodiments, the biological
effect comprises a change in activity of muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5). In some
embodiments, the biological effect comprises a change in
expression of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5).

In certain embodiments, the present invention provides
methods for enhancing the activation of an odorant receptor
in an olfactory sensory neuron of a patient comprising, con-
sisting of, or consisting essentially of co-expressing a non-
OR GPCR and odorant receptor in the neuron.

In certain embodiments, the present invention provides
methods of treating an olfactory condition in a patient com-
prising, consisting of; or consisting essentially of co-express-
ing in at least one olfactory sensory neuron of the patient a
non-OR GPCR and odorant receptor.

In certain embodiments, the present invention provides
methods of treating a behavioral condition in a patient,
wherein the behavioral condition is associated with olfactory
receptor dysfunction, comprising, consisting of, or consisting
essentially of co-expressing in at least one olfactory sensory
neuron a non-OR GPCR and odorant receptor.

In certain embodiments, the present invention provides
methods for enhancing the expression, trafficking or signal
transduction of an odorant receptor in a heterologous cell
system comprising, consisting of, or consisting essentially of
co-expressing in the cells a non-OR GPCR and an odorant
receptor.
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In certain embodiments, the present invention provides
methods for screening novel receptors in a heterologous cell
system comprising, consisting of, or consisting essentially of
contacting said cells with a ligand of interest, wherein the cell
co-expresses a non-OR GPCR and an odorant receptor; and
measuring the activity of said odorant receptor.

In certain embodiments, the non-OR GPCR is amuscarinic
receptor. In other embodiments, the non-OR GPCR is
selected from the group consisting of muscarinic receptors
M1, M2, M3, M4, M5 and combinations thereof. In some
embodiments, the non-OR GPCR comprises muscarinic M3
receptor.

In other embodiments, the patient is a mammal. In pre-
ferred embodiments, the patient is a human.

These and other novel features and advantages of the dis-
closure will be fully understood from the following detailed
description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows that coexpression of M3 increases OR acti-
vation. To determine whether the expression of GPCRs affect
the function of ORs, each of the GPCRs were coexpressed
with one of three untagged (FIGS. 1A, 1B and 1C) or N-ter-
minal rhodopsin tagged (Rho-tagged) (FIG. 1D, 1E, 1F) ORs:
OR-S6 (FIG. 1A and FIG. 1D), OR-EG (FIGS. 1B and 1E),
and OIlfr62 (FIGS. 1C and 1F), in HEK293T cells in the
presence of OR-trafficking proteins RTP1S and an olfactory
GTP/GDP exchange factor Ric-8b. These OR-expressing
cells were then stimulated with cognate odors and the activa-
tion of the ORs measured using a cAMP-response element
(CRE)-based luciferase reporter system that quantifies OR
activation based on cAMP production. Of the 22 GPCRs that
were cloned and tested (see Table 1), coexpression of a num-
ber of these GPCRs increased OR response upon odor stimu-
lation in each of the three receptors tested (T-test, p<0.05 after
Bonferroni correction) (FIGS. 1A-1F). Ofthese, only thetype
3 muscarinic acetylcholine receptor (M3) consistently
increased the response of all untagged (FIG. 1A-C) and
tagged (FIG. 1D-F) receptors tested.

FIG. 2 shows that coexpression of M3 increases untagged
OR activation in Hana3A cells. The 22 GPCRs were cotrans-
fected as described in FIG. 1, except in Hana3 A cells. The
data showed that while in general a greater response was
elicited (as expected for the Hana3 A cell line), M3 was the
only candidate to significantly potentiate OR activation in all
three untagged ORs.

FIG. 3 shows that the muscarinic acetylcholine receptor
family members modulate OR signaling. Although M3 most
potently potentiates OR signaling and is the only receptor to
do so for a broad range of ORs, other Gq-coupled (odd-
numbered) muscarinic family members can also potentiate
OR signaling. In contrast, the Gi-coupled (even-numbered)
muscarinic receptors appear to inhibit the activation of: FIG.
3A OR S6; FIG. 3B OR-EG; FIG. 3C Olfr62.

FIG. 4 demonstrates that M3 mRNA is expressed in the
olfactory sensory neurons and that M3 protein is localized to
the cilia of the olfactory epithelium. FIG. 4A, B, C: In situ
hybridization analysis in the olfactory epithelium, demon-
strating that M3 is strongly expressed by the olfactory neu-
rons. OMP (olfactory marker protein) is a marker for mature
olfactory sensory neurons. IL8RB is a control GPCR probe
that does not hybridize to the OSNs. FIG. 4D, E, F, G: Immu-
nostaining using anti-muscarinic receptor antibodies for M1,
M3, and MS. M3 is strongly expressed at the cilia of the
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olfactory epithelium in contrast to M1 and M5, which do not
show expression at the cilia. Adenylyl Cyclase (ACIII) was
used as a positive control.

FIGS. 5A-C show that the Muscarinic Receptor M2 is not
expressed in the olfactory cilia. Immunostaining using anti-
muscarinic receptor antibodies for M3 and M2. FIG. 5A
shows M3 is strongly expressed in the olfactory cilia in con-
trast to M2 (FIG. 5C) which do not show expression at the
cilia. Adenylyl Cyclase (ACIII) was used as a positive con-
trol. These results suggest, for example, that in contrast to
M3, M2 does not play a significant function in vivo.

FIG. 6 shows that M3 enhances the function of wide variety
of mammalian ORs. Dose response curves of luciferase
assays using over 30 mammalian ORs with or without M3 are
shown. All ORs tested are Rho-tagged unless otherwise
noted. Average values were taken from quadruplet samples
and experiment was replicated at least twice. In each dose
response curve shown, the data corresponding to the higher
normalized response is M3. In each dose response curve
shown, the data corresponding to the lower normalized
response is PCI. In each dose response curve shown, the Y
axis is “normalized response.” In each dose response curve
shown, the X axis is “log [coumarin] (M)”.

FIG. 7 shows the effects of Carbachol, Forskolin, and Iono-
mycinon cells expressing M3, OR and RTP1S. Stimulation of
cells expressing M3, OR, and RTP1S with carbachol were
shown to not significantly alter cAMP levels at concentra-
tions lower than 10~°M. However, at higher concentrations
carbachol induced higher responses, apparently through
transactivation of OR signaling. This response was not
observed in the absence of M3 (FIG. 7A). Slight increase due
at 1 mM carbachol concentrations may be attributed, for
example, to low-level endogenous M3 expression in
HEK?293T cells. Administration of Forskolin showed that in
the presence of M3, OR activation can be increased in the
absence of odor, suggesting that, for example, M3 and OR
interaction potentiates OR signaling downstream of odor
binding (FIG. 7B). lonomycin had no effect on OR activation
both with or without M3, confirming that, for example, the
M3-OR interaction is not simply due to cross-talk of the
cAMP and Ca* secondary messenger pathways in the CRE-
luc reporter activation (FIG. 7C).

FIG. 8 shows that potentiation of ORs by M3 is enhanced
by muscarinic agonists, but inhibited by muscarinic antago-
nists. Dose response curves of luciferase assays performed in
HEK293T cells expressing FIG. 8A: M3 only; FIG. 8B: Rho-
tagged OR-S6 and M3; FIG. 8C: Rho-tagged OR-S6 and
RTP; and FIG. 8D: Rho-tagged OR-S6, mRTP, and M3 in the
presence of mucarinic agonist 10~’M carbachol, muscarinic
antagonist 107°M atropine, and 10~’M carbachol and 10~°M
atropine. Note that M3-specific agonist cevimeline had simi-
lar effect as carbachol and M3-specific antagonist had a simi-
lar, dose dependent eftect on OR activation. Error bars indi-
cated +/-SEM and assays were completed in triplicate.

FIG. 9 shows that M3-selective antagonist darifenecin and
pfHHSID attenuate odor-mediated responses of OSNs. FIG.
9A: Kinetics of Fluo-4/Fura-red ratio changes for a represen-
tative OSN stimulated by a mix of 10 odorants each at 107°M
with or without darifenecin. FIG. 9B: 10~’M darifenecin
attenuated odor-mediated responses of OSNGs. (paired T-test,
N=36, 18, 18, respectively). FIG. 9C: Kinetics of Fluo-4/
Fura-red ratio changes for a representative OSN stimulated
by odor mix with or without pfHHSID. FIG. 9D: 10~°M
pfHHSID attenuated odor-mediated responses of OSNs.
(paired T-test, N=34, 15, 19, respectively).

FIG. 10 shows detailed response curves and response val-
ues of OSN. Each paired recording of OSN responses used for
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statistical analysis in FIG. 9 are shown as FIG. 10A: single
neuron response profiles and FIG. 10B: two point analysis of
net response area (A,,,,) comparing the responses to either
antagonist+odor and odor alone.

FIG. 11 shows that co-expression of M3 does not increase
the cell-surface expression of ORs. HEK293T cells were
transfected Rho-tagged OR-S6 along with RTP1, M3, or both
RTP1 and M3 and cell surface expression was determined
using cell surface immunostaining (FIG. 11A) or quantified
using FACs analysis (FIG. 11B). Cell surface expression of
ORs increased significantly in the cells transfected with RTP1
only, but not in cells transfected with M3 only. Cotransfecting
M3 along with RTP1 did not significantly increase cell sur-
face expression of either OR when compared to RTP1-trans-
fected cells.

FIG. 12 shows M3 potentiation of OR activity is synergis-
tic with in RTP and tag-independent. Dose response curves of
luciferase assays performed in HEK293T cells that were
transfected with a combination mRTP, Ric-8B, and M3 in
cells expressing 12A: untagged OR-S6, 12B: untagged
Olfr62, 12C: Rho-tagged OR-S6, and 12D: Rho-tagged
Olfr62. Error bars indicated +/-SEM and assays were com-
pleted in triplicate.

FIG. 13 shows M3 expression does not affect the ligand
specificity of ORs. Dose response curves of luciferase assays
performed in HEK293T cells expressing 13A: Rho-tagged
OR-S6 with M3, 13B: Rho-tagged OR-S6 without M3, 13C:
Rho-tagged Olfr62, with M3 and 13D: Rho-tagged Olfr62
without M3. Error bars indicated +/-SEM and assays were
completed in triplicate.

FIG. 14 shows that M3 increases cAMP production upon
OR activation. Dose response curves of cAMP assays per-
formed in HEK293T cells that were transfected with 1. OR-
S6 only, 2. OR-S6 and M3, 3. OR-S6 and RTP, and 4. OR-S6,
RTPI1S, and M3. Note the significant increase in [cAMP]
when OR-S6 was coexpressed with M3 and RTP, in compari-
son to cotransfection with either alone. Data were obtained
from triplicate samples and the experiment was replicated
four times.

FIG. 15 shows cAMP production is further increased upon
costimulation with nonspecific M3 agonist carbachol. Dose
response curves of cAMP assays performed in HEK293T
cells that were transfected with OR-S6, RTP1S, and M3.
Costimulation with 10~"M carbachol further stimulates pro-
duction of cAMP in cells cotransfected with M3 and RTPI1S.
Data were obtained from triplicate samples and the experi-
ment was replicated twice.

FIG. 16 shows that activation of OR-S6 leads to calcium
release mediated by M3 activation. FIG. 16A: nonandioic
acid OR-S6 coupling to the promiscuous G, 5,,;-allow odorant
activation to increase cellular calcium. FIG. 16B: calcium
influx when cells expressing M3 are treated by 10~"M carba-
chol. FIG. 16C: Treating cells expressing both S6 and M3 (in
the absence of RTP) with nonandioic acid does not elicit a
calcium response triggered by carbachol. FIG. 16D: In the
absence of M3, treating OR+RTP generates no calcium
response. FIG. 16E: calcium level increases in cells co-ex-
pressing OR-S6, mRTP and M3 in the presence of 10™*M
nonandioic acid along, similar to the response elicited by
107"M carbachol. FIG. 16F: calcium release is blocked when
nonandioic acid and 10-°M atropine are simultaneously used
to stimulate cells expressing S6, mRTP, and M3. Data shown
here were taken from one experiment; experimental results
were replicated 3 times.

FIG. 17 shows Flag-OR S6, when coexpressed with M3
and RTPI1S, is expressed at the cell surface. To ensure that
Flag-OR S6 is also present at the cell surface and therefore
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will interact with M3 localized to the cell surface, Flag-
specific antibodies were used to detect ORs at the surface of
HEK293T cells when M3 and RTP1S are cotransfected (FIG.
17A). In marked contrast, when RTP1S and M3 are not coex-
pressed, Flag-S6 was very poorly expressed (FIG. 17B).

FIG. 18 shows Flag-OR S6 responds as robustly as Rho-
OR S6 and more robustly than untagged OR-S6. To ensure
that Flag-tagged versions of OR-S6 behaves similarly as Rho-
tagged OR S6 in our heterologous system, a cAMP-mediated
gene assay was performed to assess the functional response of
Flag-S6 in comparison to Rho-S6 and found that Flag-tagged
S6 responds similarly, likely even more robustly, than Rho-
tagged S6, indicating that Flag-tagged S6 are functionally
active on the cell surface. Results were obtained in triplicate;
experiment was repeated 3 times.

FIGS. 19A-F show M3 and S6 stably interact in HEK293T
cells. Co-immunoprecipitation studies of HA-tagged M3 and
Flag-tagged OR-S6 in HEK293T cells were performed.
When the cell extract was precipitated with anti-HA antibod-
ies, Flag-S6 proteins were detected. (FIG. 19B column 3). No
co-precipitation was detected when Flag-tagged CD28, a
negative control, was used (FIG. 19B column 4). Likewise,
when the cell extract with anti-Flag antibodies was precipi-
tated, HA-M3 was detected (FIG. 19C column 5). When
Flag-OR-S6 was coexpressed with various HA-tagged
GPCRs, OR-S6 and HA-M2 or HA-M3 were co-precipitated.
But other GPCRs were not co-precipitated (FIG. 19F).

FIG. 20 provides a graphical explanation of the trapezoidal
method used to calculate the net responses of individual
OSNs presented in FIG. 9. Briefly, the region above the
- --"line marks the area of response as calculated by totaling
the average response (r,) over the specified time interval mul-
tiplied by a set increment of time, t to produce trapezoidal
approximations of the area underneath the response curve.
The total area under the curve is then normalized by subtract-
ing the area underneath ther, .., whichis A, ..., to obtain the
net response, A, ,, that represents the net response r,,, over
the entire response time.

FIG. 21 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 1) and amino acid sequence (SEQ ID NO: 7) for type 1
Muscarinic Acetylcholine Receptor (M1).

FIG. 22 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 2) and amino acid sequence (SEQ ID NO: 8) for type 2
Muscarinic Acetylcholine Receptor (M2).

FIG. 23 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 3) and amino acid sequence (SEQ ID NO: 9) for type 3
Muscarinic Acetylcholine Receptor (M3).

FIG. 24 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 4) and amino acid sequence (SEQ ID NO: 10) for type 4
Muscarinic Acetylcholine Receptor (M4).

FIG. 25 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 5) and amino acid sequence (SEQ ID NO: 11) for type 5
Muscarinic Acetylcholine Receptor (MS5).

FIG. 26 shows the nucleic acid (mRNA) sequence (SEQ ID
NO: 6) for RTP1S.

DEFINITIONS

To facilitate understanding of the invention, a number of
terms are defined below.

Asused herein, the term “muscarinic receptor” refers to the
G-protein coupled muscarinic acetylcholine receptors
(mAChs) found in the plasma membranes of neurons and
other cells and respond to acetylcholine. There are five sub-
types of muscarinic receptors, termed M1-MS. The term
“Muscarinic Acetylcholine Receptor” when used in reference
to proteins or nucleic acid refers to a Muscarinic Acetylcho-
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line Receptor protein or nucleic acid encoding a Muscarinic
Acetylcholine Receptor protein of the present invention. The
term Muscarinic Acetylcholine Receptor encompasses both
proteins that are identical to wild-type Muscarinic Acetylcho-
line Receptors (e.g., M1, M2, M3, M4 and M5) and those that
are derived from wild-type Muscarinic Acetylcholine Recep-
tors (e.g. variants of Muscarinic Acetylcholine Receptor
polypeptides of the present invention). In some embodiments,
the “Muscarinic Acetylcholine Receptor” is a wild type Mus-
carinic Acetylcholine Receptor nucleic acid (mRNA) (e.g.,
SEQ ID NOs: 1-5) or a polypeptide encoded by the wild type
Muscarinic Acetylcholine Receptor amino acid sequence
(e.g., SEQ ID NOs:7-11).

As used herein, the term “odorant receptor” refers to odor-
ant receptors generated from olfactory sensory neurons.
Examples of odorant receptors include, but are not limited to,
OR-S6, Olfr62, S6/79, S18, S46, S50, MOR23-1, MOR31-4,
MOR31-6, MOR32-5 and MOR32-11.

As used herein, the term “odorant receptor cell surface
localization” or equivalent terms refer to the molecular trans-
port of an odorant receptor to a cell surface membrane.
Examples of cell surface localization includes, but is not
limited to, localization to cilia at the tip of a dendrite, and
localization to an axon terminal.

As used herein, the term “odorant receptor functional
expression” or equivalent terms, refer to an odorant receptor’s
ability to interact with an odorant receptor ligand (e.g., an
odiferous molecule).

As used herein, the term “olfactory disorder,” “olfactory
dysfunction,” “olfactory disease” or similar term refers to a
disorder, dysfunction or disease resulting in a diminished
olfactory sensation (e.g., smell aberration). Examples of
olfactory disorders, dysfunctions and/or diseases include, but
are not limited to, anosmia, hyposmia, dysomia, phantosmia,
hyperosmia, olfactory agnosia, head trauma, upper respira-
tory infections, tumors of the anterior cranial fossa, Kallmann
syndrome, Foster Kennedy syndrome, Parkinson’s disease,
Alzheimer’s disease, Huntington chorea, and exposure to
toxic chemicals or infections. Diminished olfactory sensation
is classified as anosmia—absence of smell sensation;
hyposmia—decreased smell sensation; dysosmia—distor-
tion of smell sensation; cacosmia—sensation of a bad or foul
smell; and parosmia—sensation of smell in the absence of
appropriate stimulus.

As used herein, the term “M3,” “muscarinic acetylcholine
receptor M;,” “type 3 muscarinic acetylcholine receptor,” or
similar terms, when used in reference to a protein or nucleic
acid refers to a M3 protein or nucleic acid encoding a M3
protein of the present invention. M3 is a muscarinic acetyl-
choline receptor encoded by the human gene CHRM3 (see,
e.g., Goyal R K, et al,, (1989) N. Engl. J. Med. 321 (15):
1022-9; herein incorporated by reference in its entirety). In
experiments conducted during the course of developing
embodiments for the present invention, it was demonstrated
that the interaction of ORs with the type 3 muscarinic acetyl-
choline receptor M3, which is coexpressed with ORs in olfac-
tory sensory neurons (OSNs), is important for the response of
ORs to cognate odor ligands. For example, it was shown that
in HEK293T cells, ORs and M3 can be coprecipitated, and
coexpression of M3 increases the potency and efficacy of
odor-elicited responses of a broad range of ORs. In addition,
by monitoring the odor response of acutely dissociated mice
OSNs, odor-dependent activation of OSNs is attenuated by
M3-selective antagonists was demonstrated. In parallel, it
was shown that when M3 is coexpressed, OR activation can
be further enhanced by muscarinic agonists and inhibited by
muscarinic antagonists in HEK293T cells. Furthermore, it
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was shown that M3-dependent potentiation of OR signaling is
synergistic with that of RTP1S, an accessory factor required
for efficient OR membrane-targeting. However, coexpression
ot M3 does not seem to enhance the cell-surface expression of
ORs, suggesting that M3 acts through mechanism indepen-
dent of RTP1, for example, by enhancing the response of ORs
already at the cell surface. Finally, OR activation by cognate
odors transactivates M3 in the absence of M3 agonist. The
crosstalk between ORs and M3 suggests, for example, that the
functional coupling of ORs and M3 is important for robust
OR activation. The term M3 encompasses both proteins that
are identical to wild-type M3 and those that are derived from
wild type M3 (e.g., variants of M3 polypeptides of the present
invention) or chimeric genes constructed with portions of M3
coding regions). In some embodiments, the “M3” is a wild
type M3 nucleic acid (mRNA) (SEQ ID NO:3) or polypeptide
encoded by the wild type amino acid sequence (SEQ ID NO:
9). Examples of M3 agonists include, but are not limited to,
acetylcholine, bethanechol, carbachol, oxotremorine, [.-689,
660 (e.g., a mixed M1/M3 agonist), and pilocarpine.
Examples of M3 antagonists include, but are not limited to,
atropine, 4-DAMP (1,1-Dimethyl-4-diphenylacetoxypiperi-
dinium iodide), DAU-5884 (8-Methyl-8-azabicyclo-3-endo
[1.2.3]oct-3-yl-1,4-dihydro-2-ox0-3(2H)-quinazolinecar-
boxylic acid ester), dicycloverine, J-104,129 ((aR)-a-
Cyclopentyl-a-hydroxy-N-[1-(4-methyl-3-pentenyl)-4-
piperidinyl|benzeneacetamide), tolterodine, oxybutynin,
ipratropium, darifenacin, titropium, and Zamifenacin ((3R)-
1-[2-(1-,3-Benzodioxol-5-yl)ethyl]-3-(diphenylmethoxy )pi-
peridine).

As used herein, the term “M1,” “muscarinic acetylcholine
receptor M,,” “type 1 muscarinic acetylcholine receptor,” or
similar terms, when used in reference to a protein or nucleic
acid refers to a M1 protein or nucleic acid encoding a M1
protein of the present invention. M1 is a muscarinic acetyl-
choline receptor encoded by the human gene CHRM1, local-
ized to 11q13. The term M1 encompasses both proteins that
are identical to wild-type M1 and those that are derived from
wild type M1 (e.g., variants of M1 polypeptides of the present
invention) or chimeric genes constructed with portions of M1
coding regions). In some embodiments, the “M1” is a wild
type M1 nucleic acid (mRNA) (SEQ ID NO:1) or polypeptide
encoded by the wild type amino acid sequence (SEQ ID NO:
7). Examples of M1 agonists include, but are not limited to,
acetylcholine, muscarine, carbachol, oxotremorine, [.-689,
660 (e.g. amixed M1/M3 agonist), McN-A-343 (e.g., amixed
M1/M4 agonist), vedaclidine, and xanomeline. Examples of
M1 allosteric modulators include, but are not limited to, ben-
zylquinolone  carboxylic  acid, VU-0090157 and
VU-0029767 (see, e.g., Shirey J K, (November 2009) J. Neu-
rosci. 29 (45): 14271-86; Marlo J E, et al., (2008) Mol. Phar-
macol. 75 (3): 577; each herein incorporated by reference in
its entirety). Examples of M1 antagonists include, but are not
limited to, atropine, dicycloverine, tolterodine, oxybutynin,
ipratropium, mamba toxin MT7, pirenzepine, and telen-
zepine.

As used herein, the term “M2,” “muscarinic acetylcholine
receptor M2,” “type 2 muscarinic acetylcholine receptor,” or
similar terms, when used in reference to a protein or nucleic
acid refers to a M2 protein or nucleic acid encoding a M2
protein of the present invention. M2 is a muscarinic acetyl-
choline receptor encoded by the human gene CHRM2. The
term M2 encompasses both proteins that are identical to wild-
type M2 and those that are derived from wild type M2 (e.g.,
variants of M2 polypeptides of the present invention) or chi-
meric genes constructed with portions of M2 coding regions).
In some embodiments, the “M2” is a wild type M2 nucleic
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acid (mRNA) (SEQ ID NO:2) or polypeptide encoded by the
wild type amino acid sequence (SEQ ID NO: 8). Examples of
M2 agonists include, but are not limited to, bethanechol and
(258,2'R,3'S,5'R)-1-methyl-2-(2-methyl-1,3-oxathiolan-5-y1)
pyrrolidine 3-sulfoxide methyl iodide (selective for M2 but
only partial agonist) (see, e.g., Scapecchi S, et al., J. Med.
Chem. 49 (6): 1925-31; herein incorporated by reference in
its entirety). Examples of M2 antagonists include, but are not
limited to, dimethindene, Otenzepad-11-([2-[ (Diethylamino)
methyl]-1-piperidinyl]acetyl)-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one),  AQRA-741-11-([4-[4-(Di-
ethylamino)butyl]-1-piperidinyl|acetyl)-5,1'-dihydro-6H-
pyrido[2,3-b][1,4]benzodiazepin-6-one), and AFDX-384
(mixed M2/M4 antagonist)-N-[2-[2-[(Dipropylamino)me-
thyl]-1-piperidinyl]ethyl]-5,6-dihydro-6-ox0-11H-pyrido[2,
3-b][1,4]benzodiazepine-11-carboxamide).

As used herein, the term “M4,” “muscarinic acetylcholine
receptor M4,” “type 4 muscarinic acetylcholine receptor,” or
similar terms, when used in reference to a protein or nucleic
acid refers to a M4 protein or nucleic acid encoding a M4
protein of the present invention. M4 is a muscarinic acetyl-
choline receptor encoded by the human gene CHRM4. The
term M4 encompasses both proteins that are identical to wild-
type M4 and those that are derived from wild type M4 (e.g.,
variants of M4 polypeptides of the present invention) or chi-
meric genes constructed with portions of M4 coding regions).
In some embodiments, the “M4” is a wild type M4 nucleic
acid (mRNA) (SEQ ID NO:4) or polypeptide encoded by the
wild type amino acid sequence (SEQ ID NO: 10). Examples
of M4 agonists include, but are not limited to, acetylcholine,
carbachol, oxotremorine, 1Y-2033298, VU-0152100,
VU-0152099 (see, e.g., Chan WY, et al (2008) PNAS 105
(31); Brady A E, et al. (2008) J. Pharmacol. Exp. Ther. 327
(3): 941-53; each herein incorporated by reference in its
entirety). Examples of M4 antagonists include, but are not
limited to, AFDX-384 (mixed M4/M4 antagonist)-N-[2-[2-
[(Dipropylamino)methyl]-1-piperidinyl]ethyl]-5,6-dihydro-
6-0x0-11H-pyrido[2,3-b][1,4]benzodiazepine-11-carboxa-
mide), himbacine, tropicamide, and PD-102,807 (3,6a,11,14-
Tetrahydro-9-methoxy-2-methyl-(12H)-isoquino[1,2-b]
pyrrolo[3,2-][1,3]benzoxazine-1-carboxylic  acid  ethyl
ester).

As used herein, the term “M5,” “muscarinic acetylcholine
receptor M5,” “type 5 muscarinic acetylcholine receptor,” or
similar terms, when used in reference to a protein or nucleic
acid refers to a M5 protein or nucleic acid encoding a M5
protein of the present invention. MS5 is a muscarinic acetyl-
choline receptor encoded by the human gene CHRMS. The
term M5 encompasses both proteins that are identical to wild-
type M5 and those that are derived from wild type M5 (e.g.,
variants of M5 polypeptides of the present invention) or chi-
meric genes constructed with portions of M5 coding regions).
In some embodiments, the “MS5” is a wild type MS5 nucleic
acid (mRNA) (SEQ ID NO:5) or polypeptide encoded by the
wild type amino acid sequence (SEQ ID NO: 11). Examples
of M5 agonists include, but are not limited to, milameline
((E)-1,2,5,6-Tetrahydro-1-methyl-3-pyridinecarboxalde-
hyde-p-methyloxime), and sabcomeline. An example ofa M5
allosteric modulator is VU-0238429 (see, e.g., Bridges, et al.
(2009) J. Med. Chem. 52 (11): 3445-8; herein incorporated by
reference in its entirety). An examples of an M5 antagonists is
xanomeline.

As used herein, the term “RTP” when used in reference to
proteins or nucleic acid refers to a RTP protein or nucleic acid
encoding a RTP protein. RTP polypeptides have been shown
to assist in cell surface localization of odorant receptors (see,
e.g., U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,592; U.S.
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Patent Application Publication Nos. 2010/0222561, 2009/
0124003, 2009/0092997; each herein incorporated by refer-
ence in its entirety). The term RTP encompasses both proteins
that are identical to wild-type RTPs (e.g., RTP1, RTP2, RTP3,
and RTP4) and those that are derived from wild-type RTP
(e.g. variants of RTP polypeptides including but not limited to
RTP1S, RTP1-A, RTP1-B, RTP1-C, RTP1-D, RTPI-E,
RTP1-Al, RTP1-D1, RTP-D2, RTP-D3, or chimeric genes
constructed with portions of RTP1 coding regions (e.g.,
RTP1-Al1-A, RTP1-A1-D2, RTP1-Al1-D1, RTP4-Al-A,
RTP4-A1-D2, and RTP4-A1-D1.

Asused herein, the term “REEP” when used in reference to
proteins or nucleic acid refers to a REEP protein or nucleic
acid encoding a REEP protein. REEP polypeptides have been
shown to assist in cell surface localization of odorant recep-
tors (see, e.g., U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,
592; U.S. Patent Application Publication Nos. 2010/
0222561, 2009/0124003, 2009/0092997; each herein
incorporated by reference in its entirety). The term REEP
encompasses both proteins that are identical to wild-type
REEPs (e.g., REEP1, REEP2, REEP3, REEP4, REEPS, and
REEP6) and those that are derived from wild-type REEP (e.g.
variants of REEP polypeptides).

As used herein, the terms “subject” and “patient™ refer to
any animal, such as a mammal like a dog, cat, bird, livestock,
and preferably a human. Specific examples of “subjects” and
“patients” include, but are not limited to, individuals with an
olfactory disorder, and individuals with olfactory disorder-
related characteristics or symptoms.

As used herein, the phrase “symptoms of an olfactory
disorder” and “characteristics of an olfactory disorder”
include, but are not limited to, a diminished olfactory sensa-
tion (e.g., smell aberration).

The phrase “under conditions such that the symptoms are
reduced” refers to any degree of qualitative or quantitative
reduction in detectable symptoms of olfactory disorders,
including but not limited to, a detectable impact on the rate of
recovery from disease, or the reduction of at least one symp-
tom of an olfactory disorder.

The term “siRNAs” refers to short interfering RNAs.
Methods for the use of siRNAs are described in U.S. Patent
App. No.: 20030148519/A1 (herein incorporated by refer-
ence). In some embodiments, siRNAs comprise a duplex, or
double-stranded region, of about 18-25 nucleotides long;
often siRNAs contain from about two to four unpaired nucle-
otides at the 3' end of each strand. At least one strand of the
duplex or double-stranded region of a siRNA is substantially
homologous to or substantially complementary to a target
RNA molecule. The strand complementary to a target RNA
molecule is the “antisense strand;” the strand homologous to
the target RNA molecule is the “sense strand,” and is also
complementary to the siRNA antisense strand. siRNAs may
also contain additional sequences; non-limiting examples of
such sequences include linking sequences, or loops, as well as
stem and other folded structures. siRNAs appear to function
as key intermediaries in triggering RNA interference in inver-
tebrates and in vertebrates, and in triggering sequence-spe-
cific RNA degradation during posttranscriptional gene
silencing in plants.

The term “RNA interference” or “RNAi” refers to the
silencing or decreasing of gene expression by siRNAs. It is
the process of sequence-specific, post-transcriptional gene
silencing in animals and plants, initiated by siRNA that is
homologous in its duplex region to the sequence of the
silenced gene. The gene may be endogenous or exogenous to
the organism, present integrated into a chromosome or
present in a transfection vector that is not integrated into the
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genome. The expression of the gene is either completely or
partially inhibited. RNAi may also be considered to inhibit
the function of a target RNA; the function of the target RNA
may be complete or partial.

The term “gene” refers to a nucleic acid (e.g., DNA)
sequence that comprises coding sequences necessary for the
production of a polypeptide, RNA (e.g., including but not
limited to, nRNA, tRNA and rRNA) or precursor (e.g., mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)).
The polypeptide, RNA, or precursor can be encoded by a full
length coding sequence or by any portion of the coding
sequence so long as the desired activity or functional proper-
ties (e.g., enzymatic activity, ligand binding, signal transduc-
tion, etc.) of the full-length or fragment are retained. The term
also encompasses the coding region of a structural gene and
the sequences located adjacent to the coding region on both
the 5' and 3' ends for a distance of about 1 kb on either end
such that the gene corresponds to the length of the full-length
mRNA. The sequences that are located 5' of the coding region
and which are present on the mRNA are referred to as 5'
untranslated sequences. The sequences that are located 3' or
downstream of the coding region and that are present on the
mRNA are referred to as 3' untranslated sequences. The term
“gene” encompasses both cDNA and genomic forms of a
gene. A genomic form or clone of a gene contains the coding
region interrupted with non-coding sequences termed
“introns” or “intervening regions” or “intervening
sequences.” Introns are segments of a gene that are tran-
scribed into nuclear RNA (hnRNA); introns may contain
regulatory elements such as enhancers. Introns are removed
or “spliced out” from the nuclear or primary transcript;
introns therefore are absent in the messenger RNA (mRNA)
transcript. The mRNA functions during translation to specify
the sequence or order of amino acids in a nascent polypeptide.

In particular, the term “muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) gene,” or similar terms, refer to
the full-length respective muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) nucleotide sequence (e.g., con-
tained in SEQ ID NOs: 1, 2, 3, 4, and 5, respectively). How-
ever, it is also intended that the term encompass fragments of
the muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) sequences, chimeric genes constructed with portions of
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) coding regions, mutants of the muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) sequences, as well as
other domains within the full-length muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) nucleotide
sequences.

Where “amino acid sequence” is recited herein to refer to
an amino acid sequence of a naturally occurring protein mol-
ecule, “amino acid sequence” and like terms, such as
“polypeptide” or “protein” are not meant to limit the amino
acid sequence to the complete, native amino acid sequence
associated with the recited protein molecule.

In addition to containing introns, genomic forms of a gene
may also include sequences located on both the 5' and 3' end
of'the sequences that are present on the RNA transcript. These
sequences are referred to as “flanking” sequences or regions
(these flanking sequences are located 5' or 3' to the non-
translated sequences present on the mRNA transcript). The 5'
flanking region may contain regulatory sequences such as
promoters and enhancers that control or influence the tran-
scription of the gene. The 3' flanking region may contain
sequences that direct the termination of transcription, post-
transcriptional cleavage and polyadenylation.

The term “wild-type” refers to a gene or gene product that
has the characteristics of that gene or gene product when
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isolated from a naturally occurring source. A wild-type gene
is that which is most frequently observed in a population and
is thus arbitrarily designed the “normal” or “wild-type” form
of the gene. In contrast, the terms “modified,” “mutant,”
“polymorphism,” and “variant” refer to a gene or gene prod-
uct that displays modifications in sequence and/or functional
properties (i.e., altered characteristics) when compared to the
wild-type gene or gene product. It is noted that naturally-
occurring mutants can be isolated; these are identified by the
fact that they have altered characteristics when compared to
the wild-type gene or gene product.

As used herein, the terms “nucleic acid molecule encod-
ing,” “DNA sequence encoding,” and “DNA encoding” refer
to the order or sequence of deoxyribonucleotides along a
strand of deoxyribonucleic acid. The order of these deoxyri-
bonucleotides determines the order of amino acids along the
polypeptide (protein) chain. The DNA sequence thus codes
for the amino acid sequence.

DNA molecules are said to have “5' ends” and “3' ends”
because mononucleotides are reacted to make oligonucle-
otides or polynucleotides in a manner such that the 5' phos-
phate of one mononucleotide pentose ring is attached to the 3'
oxygen of its neighbor in one direction via a phosphodiester
linkage. Therefore, an end of an oligonucleotides or poly-
nucleotide, referred to as the “5' end” if its 5' phosphate is not
linked to the 3' oxygen of a mononucleotide pentose ring and
as the “3' end” if its 3' oxygen is not linked to a 5' phosphate
of'a subsequent mononucleotide pentose ring. As used herein,
a nucleic acid sequence, even if internal to a larger oligo-
nucleotide or polynucleotide, also may be said to have 5' and
3" ends. In either a linear or circular DNA molecule, discrete
elements are referred to as being “upstream™ or 5' of the
“downstream” or 3' elements. This terminology reflects the
fact that transcription proceeds in a 5' to 3' fashion along the
DNA strand. The promoter and enhancer elements that direct
transcription of a linked gene are generally located 5' or
upstream of the coding region. However, enhancer elements
can exert their effect even when located 3' of the promoter
element and the coding region. Transcription termination and
polyadenylation signals are located 3' or downstream of the
coding region.

As used herein, the terms “an oligonucleotide having a
nucleotide sequence encoding a gene” and “polynucleotide
having a nucleotide sequence encoding a gene,” means a
nucleic acid sequence comprising the coding region of a gene
or, in other words, the nucleic acid sequence that encodes a
gene product. The coding region may be present in a cDNA,
genomic DNA, or RNA form. When present in a DNA form,
the oligonucleotide or polynucleotide may be single-stranded
(i.e., the sense strand) or double-stranded. Suitable control
elements such as enhancers/promoters, splice junctions,
polyadenylation signals, etc. may be placed in close proxim-
ity to the coding region of the gene if needed to permit proper
initiation of transcription and/or correct processing of the
primary RNA transcript. Alternatively, the coding region uti-
lized in the expression vectors of the present invention may
contain endogenous enhancers/promoters, splice junctions,
intervening sequences, polyadenylation signals, etc. or a
combination of both endogenous and exogenous control ele-
ments.

As used herein, the term “regulatory element” refers to a
genetic element that controls some aspect of the expression of
nucleic acid sequences. For example, a promoter is a regula-
tory element that facilitates the initiation of transcription of an
operably linked coding region. Other regulatory elements
include splicing signals, polyadenylation signals, termination
signals, etc.
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As used herein, the terms “complementary” or “comple-
mentarity” are used in reference to polynucleotides (i.e., a
sequence of nucleotides) related by the base-pairing rules.
For example, for the sequence 5'-“A-G-T-3',” is complemen-
tary to the sequence 3'-“T-C-A-5'” Complementarity may be
“partial,” in which only some of the nucleic acids’ bases are
matched according to the base pairing rules. Or, there may be
“complete” or “total” complementarity between the nucleic
acids. The degree of complementarity between nucleic acid
strands has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particu-
lar importance in amplification reactions, as well as detection
methods that depend upon binding between nucleic acids.
Complementarity can include the formation of base pairs
between any type of nucleotides, including non-natural bases,
modified bases, synthetic bases and the like.

The term “homology” refers to a degree of complementa-
rity. There may be partial homology or complete homology
(i.e., identity). A partially complementary sequence is one
that at least partially inhibits a completely complementary
sequence from hybridizing to a target nucleic acid and is
referred to using the functional term “substantially homolo-
gous.” The term “inhibition of binding,” when used in refer-
ence to nucleic acid binding, refers to inhibition of binding
caused by competition of homologous sequences for binding
to a target sequence. The inhibition of hybridization of the
completely complementary sequence to the target sequence
may be examined using a hybridization assay (Southern or
Northern blot, solution hybridization and the like) under con-
ditions of low stringency. A substantially homologous
sequence or probe will compete for and inhibit the binding
(i.e., the hybridization) of a completely homologous to a
target under conditions of low stringency. This is not to say
that conditions of low stringency are such that non-specific
binding is permitted; low stringency conditions require that
the binding of two sequences to one another be a specific (i.e.,
selective) interaction. The absence of non-specific binding
may be tested by the use of a second target that lacks even a
partial degree of complementarity (e.g., less than about 30%
identity); in the absence of non-specific binding the probe
will not hybridize to the second non-complementary target.

The art knows well that numerous equivalent conditions
may be employed to comprise low stringency conditions;
factors such as the length and nature (DNA, RNA, base com-
position) of the probe and nature of the target (DNA, RNA,
base composition, present in solution or immobilized, etc.)
and the concentration of the salts and other components (e.g.,
the presence or absence of formamide, dextran sulfate, poly-
ethylene glycol) are considered and the hybridization solu-
tion may be varied to generate conditions of low stringency
hybridization different from, but equivalent to, the above
listed conditions. In addition, the art knows conditions that
promote hybridization under conditions of high stringency
(e.g., increasing the temperature of the hybridization and/or
wash steps, the use of formamide in the hybridization solu-
tion, etc.).

When used in reference to a double-stranded nucleic acid
sequence such as a cDNA or genomic clone, the term “sub-
stantially homologous” refers to any probe that can hybridize
to either or both strands of the double-stranded nucleic acid
sequence under conditions of low stringency as described
above.

A gene may produce multiple RNA species that are gener-
ated by differential splicing of the primary RNA transcript.
c¢DNAs that are splice variants of the same gene will contain
regions of sequence identity or complete homology (repre-
senting the presence of the same exon or portion of the same
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exon on both cDNAs) and regions of complete non-identity
(forexample, representing the presence of exon “A” on cDNA
1 wherein cDNA 2 contains exon “B” instead). Because the
two ¢cDNAs contain regions of sequence identity they will
both hybridize to a probe derived from the entire gene or
portions of the gene containing sequences found on both
cDNAs; the two splice variants are therefore substantially
homologous to such a probe and to each other.

When used in reference to a single-stranded nucleic acid
sequence, the term “substantially homologous” refers to any
probe that can hybridize (i.e., it is the complement of) the
single-stranded nucleic acid sequence under conditions of
low stringency as described above.

As used herein, the term “competes for binding” is used in
reference to a first polypeptide with an activity which binds to
the same substrate as does a second polypeptide with an
activity, where the second polypeptide is a variant of the first
polypeptide or a related or dissimilar polypeptide. The effi-
ciency (e.g., kinetics or thermodynamics) of binding by the
first polypeptide may be the same as or greater than or less
than the efficiency substrate binding by the second polypep-
tide. For example, the equilibrium binding constant (K ) for
binding to the substrate may be different for the two polypep-
tides. The term “K,,” as used herein refers to the Michaelis-
Menton constant for an enzyme and is defined as the concen-
tration of the specific substrate at which a given enzyme
yields one-half its maximum velocity in an enzyme catalyzed
reaction.

As used herein, the term “hybridization” is used in refer-
ence to the pairing of complementary nucleic acids. Hybrid-
ization and the strength of hybridization (i.e., the strength of
the association between the nucleic acids) is impacted by
such factors as the degree of complementary between the
nucleic acids, stringency of the conditions involved, the T, of
the formed hybrid, and the G:C ratio within the nucleic acids.

As used herein, the term “T,,” is used in reference to the
“melting temperature.” The melting temperature is the tem-
perature at which a population of double-stranded nucleic
acid molecules becomes half dissociated into single strands.
The equation for calculating the T,, of nucleic acids is well
known in the art. As indicated by standard references, a
simple estimate of the T,, value may be calculated by the
equation: T,,=81.5+0.41(% G+C), when a nucleic acid is in
aqueous solution at 1 M NaCl (See e.g., Anderson and Young,
Quantitative Filter Hybridization, in Nucleic Acid Hybridiza-
tion [1985]). Other references include more sophisticated
computations that take structural as well as sequence charac-
teristics into account for the calculation of T,,.

Asused herein the term “stringency” is used in reference to
the conditions of temperature, ionic strength, and the pres-
ence of other compounds such as organic solvents, under
which nucleic acid hybridizations are conducted. Those
skilled in the art will recognize that “stringency” conditions
may be altered by varying the parameters just described either
individually or in concert. With “high stringency” conditions,
nucleic acid base pairing will occur only between nucleic acid
fragments that have a high frequency of complementary base
sequences (e.g., hybridization under “high stringency” con-
ditions may occur between homologs with about 85-100%
identity, preferably about 70-100% identity). With medium
stringency conditions, nucleic acid base pairing will occur
between nucleic acids with an intermediate frequency of
complementary base sequences (e.g., hybridization under
“medium stringency” conditions may occur between
homologs with about 50-70% identity). Thus, conditions of
“weak” or “low” stringency are often required with nucleic
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acids that are derived from organisms that are genetically
diverse, as the frequency of complementary sequences is
usually less.

“High stringency conditions” when used in reference to
nucleic acid hybridization comprise conditions equivalent to
binding or hybridization at 42° C. in a solution consisting of
5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO,H,O and 1.85 g/l
EDTA, pH adjusted to 7.4 with NaOH), 0.5% SDS, 5xDen-
hardt’s reagent and 100 pg/ml denatured salmon sperm DNA
followed by washing in a solution comprising 0.1xSSPE,
1.0% SDS at 42° C. when a probe of about 500 nucleotides in
length is employed.

“Medium stringency conditions” when used in reference to
nucleic acid hybridization comprise conditions equivalent to
binding or hybridization at 42° C. in a solution consisting of
5xSSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO,H,O and 1.85 g/l
EDTA, pH adjusted to 7.4 with NaOH), 0.5% SDS, 5xDen-
hardt’s reagent and 100 pg/ml denatured salmon sperm DNA
followed by washing in a solution comprising 1.0xSSPE,
1.0% SDS at 42° C. when a probe of about 500 nucleotides in
length is employed.

“Low stringency conditions™ comprise conditions equiva-
lent to binding or hybridization at 42° C. in a solution con-
sisting of SxSSPE (43.8 g/l NaCl, 6.9 g/l NaH,PO,H,O and
1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS,
S5xDenhardt’s reagent [ SOxDenhardt’s contains per 500 ml: 5
g Ficoll (Type 400, Pharamcia), 5 g BSA (Fraction V; Sigma)|
and 100 pg/ml denatured salmon sperm DNA followed by
washing in a solution comprising SxSSPE, 0.1% SDS at 42°
C. when a probe of about 500 nucleotides in length is
employed.

The present invention is not limited to the hybridization of
probes of about 500 nucleotides in length. The present inven-
tion contemplates the use of probes between approximately
10 nucleotides up to several thousand (e.g., at least 5000)
nucleotides in length. One skilled in the relevant understands
that stringency conditions may be altered for probes of other
sizes (See e.g., Anderson and Young, Quantitative Filter
Hybridization, in Nucleic Acid Hybridization [1985] and
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Press, NY [1989]).

The following terms are used to describe the sequence
relationships between two or more polynucleotides: “refer-
ence sequence”, “sequence identity”, “percentage of
sequence identity”, and “substantial identity”. A “reference
sequence” is a defined sequence used as a basis for a sequence
comparison; a reference sequence may be a subset of a larger
sequence, for example, as a segment of a full-length cDNA
sequence given in a sequence listing or may comprise a com-
plete gene sequence. Generally, a reference sequence is at
least 20 nucleotides in length, frequently at least 25 nucle-
otides in length, and often at least 50 nucleotides in length.
Since two polynucleotides may each (1) comprise a sequence
(i.e., a portion of the complete polynucleotide sequence) that
is similar between the two polynucleotides, and (2) may fur-
ther comprise a sequence that is divergent between the two
polynucleotides, sequence comparisons between two (or
more) polynucleotides are typically performed by comparing
sequences of the two polynucleotides over a “comparison
window” to identify and compare local regions of sequence
similarity. A “comparison window”, as used herein, refers to
a conceptual segment of at least 20 contiguous nucleotide
positions wherein a polynucleotide sequence may be com-
pared to a reference sequence of at least 20 contiguous nucle-
otides and wherein the portion of the polynucleotide
sequence in the comparison window may comprise additions
or deletions (i.e., gaps) of 20 percent or less as compared to
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the reference sequence (which does not comprise additions or
deletions) for optimal alignment of the two sequences. Opti-
mal alignment of sequences for aligning a comparison win-
dow may be conducted by the local homology algorithm of
Smith and Waterman [Smith and Waterman, Adv. Appl. Math.
2: 482 (1981)] by the homology alignment algorithm of
Needleman and Wunsch [Needleman and Wunsch, J. Mol.
Biol. 48:443 (1970)], by the search for similarity method of
Pearson and Lipman [Pearson and Lipman, Proc. Natl. Acad.
Sci. (U.S.A.) 85:2444 (1988)] by computerized implementa-
tions of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package
Release 7.0, Genetics Computer Group, 575 Science Dr.,
Madison, Wis.), or by inspection, and the best alignment (i.e.,
resulting in the highest percentage of homology over the
comparison window) generated by the various methods is
selected. The term “sequence identity” means that two poly-
nucleotide sequences are identical (i.e., on a nucleotide-by-
nucleotide basis) over the window of comparison. The term
“percentage of sequence identity” is calculated by comparing
two optimally aligned sequences over the window of com-
parison, determining the number of positions at which the
identical nucleic acid base (e.g., A, T, C, G, U, or I) occurs in
both sequences to yield the number of matched positions,
dividing the number of matched positions by the total number
of positions in the window of comparison (i.e., the window
size), and multiplying the result by 100 to yield the percent-
age of sequence identity. The terms “substantial identity” as
used herein denotes a characteristic of a polynucleotide
sequence, wherein the polynucleotide comprises a sequence
that has at least 85 percent sequence identity, preferably at
least 90 to 95 percent sequence identity, more usually at least
99 percent sequence identity as compared to a reference
sequence over a comparison window of at least 20 nucleotide
positions, frequently over a window of at least 25-50 nucle-
otides, wherein the percentage of sequence identity is calcu-
lated by comparing the reference sequence to the polynucle-
otide sequence which may include deletions or additions
which total 20 percent or less of the reference sequence over
the window of comparison. The reference sequence may be a
subset of a larger sequence, for example, as a segment of the
full-length sequences of the compositions claimed in the
present invention (e.g., a muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5)).

As applied to polypeptides, the term “substantial identity”
means that two peptide sequences, when optimally aligned,
such as by the programs GAP or BESTFIT using default gap
weights, share at least 80 percent sequence identity, prefer-
ably at least 90 percent sequence identity, more preferably at
least 95 percent sequence identity or more (e.g., 99 percent
sequence identity). Preferably, residue positions that are not
identical differ by conservative amino acid substitutions.
Conservative amino acid substitutions refer to the inter-
changeability of residues having similar side chains. For
example, a group of amino acids having aliphatic side chains
is glycine, alanine, valine, leucine, and isoleucine; a group of
amino acids having aliphatic-hydroxyl side chains is serine
and threonine; a group of amino acids having amide-contain-
ing side chains is asparagine and glutamine; a group of amino
acids having aromatic side chains is phenylalanine, tyrosine,
and tryptophan; a group of amino acids having basic side
chains is lysine, arginine, and histidine; and a group of amino
acids having sulfur-containing side chains is cysteine and
methionine. Preferred conservative amino acids substitution
groups are: valine-leucine-isoleucine, phenylalanine-ty-
rosine, lysine-arginine, alanine-valine, and asparagine-
glutamine.
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The term “fragment” as used herein refers to a polypeptide
that has an amino-terminal and/or carboxy-terminal deletion
as compared to the native protein, but where the remaining
amino acid sequence is identical to the corresponding posi-
tions in the amino acid sequence deduced from a full-length
cDNA sequence. Fragments typically are at least 4 amino
acids long, preferably at least 20 amino acids long, usually at
least 50 amino acids long or longer, and span the portion of
the polypeptide required for intermolecular binding of the
compositions (claimed in the present invention) with its vari-
ous ligands and/or substrates.

The term “polymorphic locus™ is a locus present in a popu-
lation that shows variation between members of the popula-
tion (i.e., the most common allele has a frequency of less than
0.95). In contrast, a “monomorphic locus” is a genetic locus at
little or no variations seen between members of the popula-
tion (generally taken to be a locus at which the most common
allele exceeds a frequency of 0.95 in the gene pool of the
population).

Asused herein, the term “genetic variation information” or
“genetic variant information” refers to the presence or
absence of one or more variant nucleic acid sequences (e.g.,
polymorphism or mutations) in a given allele of a particular
gene (e.g., amuscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) gene of the present invention).

As used herein, the term “detection assay” refers to an
assay for detecting the presence or absence of variant nucleic
acid sequences (e.g., polymorphisms or mutations) in a given
allele of a particular gene (e.g., a muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) gene).

The term “naturally-occurring” as used herein as applied to
an object refers to the fact that an object can be found in
nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses)
that can be isolated from a source in nature and which has not
been intentionally modified by man in the laboratory is natu-
rally-occurring.

“Amplification” is a special case of nucleic acid replication
involving template specificity. It is to be contrasted with non-
specific template replication (i.e., replication that is template-
dependent but not dependent on a specific template). Tem-
plate specificity is here distinguished from fidelity of
replication (i.e., synthesis of the proper polynucleotide
sequence) and nucleotide (ribo- or deoxyribo-) specificity.
Template specificity is frequently described in terms of “tar-
get” specificity. Target sequences are “targets” in the sense
that they are sought to be sorted out from other nucleic acid.
Amplification techniques have been designed primarily for
this sorting out.

As used herein, the term “primer” refers to an oligonucle-
otide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which is capable of acting as
a point of initiation of synthesis when placed under condi-
tions in which synthesis of a primer extension product which
is complementary to a nucleic acid strand is induced, (i.e., in
the presence of nucleotides and an inducing agent such as
DNA polymerase and at a suitable temperature and pH). The
primer is preferably single stranded for maximum efficiency
in amplification, but may alternatively be double stranded. If
double stranded, the primer is first treated to separate its
strands before being used to prepare extension products. Pref-
erably, the primer is an oligodeoxyribonucleotide. The primer
must be sufficiently long to prime the synthesis of extension
products in the presence of the inducing agent. The exact
lengths of the primers will depend on many factors, including
temperature, source of primer and the use of the method.
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As used herein, the term “probe” refers to an oligonucle-
otide (i.e., a sequence of nucleotides), whether occurring
naturally as in a purified restriction digest or produced syn-
thetically, recombinantly or by PCR amplification, that is
capable of hybridizing to another oligonucleotide of interest.
A probe may be single-stranded or double-stranded. Probes
are useful in the detection, identification and isolation of
particular gene sequences. It is contemplated that any probe
used in the present invention will be labeled with any
“reporter molecule,” so that is detectable in any detection
system, including, but not limited to enzyme (e.g., ELISA, as
well as enzyme-based histochemical assays), fluorescent,
radioactive, and luminescent systems. It is not intended that
the present invention be limited to any particular detection
system or label.

As used herein; the term “target,” refers to a nucleic acid
sequence or structure to be detected or characterized. Thus,
the “target” is sought to be sorted out from other nucleic acid
sequences. A “segment” is defined as a region of nucleic acid
within the target sequence.

As used herein, the term “amplification reagents” refers to
those reagents (deoxyribonucleotide triphosphates, buffer,
etc.), needed for amplification except for primers, nucleic
acid template, and the amplification enzyme. Typically,
amplification reagents along with other reaction components
are placed and contained in a reaction vessel (test tube,
microwell, etc.).

As used herein, the terms “restriction endonucleases” and
“restriction enzymes” refer to bacterial enzymes, each of
which cut double-stranded DNA at or near a specific nucle-
otide sequence.

As used herein, the term “recombinant DNA molecule” as
used herein refers to a DNA molecule that is comprised of
segments of DNA joined together by means of molecular
biological techniques.

As used herein, the term “antisense” is used in reference to
RNA sequences that are complementary to a specific RNA
sequence (e.g., mRNA). Included within this definition are
antisense RNA (“asRNA”) molecules involved in gene regu-
lation by bacteria. Antisense RNA may be produced by any
method, including synthesis by splicing the gene(s) of interest
in a reverse orientation to a viral promoter that permits the
synthesis of a coding strand. Once introduced into an embryo,
this transcribed strand combines with natural mRNA pro-
duced by the embryo to form duplexes. These duplexes then
block either the further transcription of the mRNA or its
translation. In this manner, mutant phenotypes may be gen-
erated. The term “antisense strand” is used in reference to a
nucleic acid strand that is complementary to the “sense”
strand. The designation (=) (i.e., “negative”) is sometimes
used in reference to the antisense strand, with the designation
(+) sometimes used in reference to the sense (i.e., “positive™)
strand.

The term “isolated” when used in relation to a nucleic acid,
as in “an isolated oligonucleotide” or “isolated polynucle-
otide” refers to a nucleic acid sequence that is identified and
separated from at least one contaminant nucleic acid with
which it is ordinarily associated in its natural source. Isolated
nucleic acid is present in a form or setting that is different
from that in which it is found in nature. In contrast, non-
isolated nucleic acids are nucleic acids such as DNA and
RNA found in the state they exist in nature. For example, a
given DNA sequence (e.g., a gene) is found on the host cell
chromosome in proximity to neighboring genes; RNA
sequences, such as a specific mRNA sequence encoding a
specific protein, are found in the cell as a mixture with numer-
ous other mRNAs that encode a multitude of proteins. How-
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ever, isolated nucleic acid encoding a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) includes, by way of
example, such nucleic acid in cells ordinarily expressing a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) where the nucleic acid is in a chromosomal location
different from that of natural cells, or is otherwise flanked by
a different nucleic acid sequence than that found in nature.
The isolated nucleic acid, oligonucleotide, or polynucleotide
may be present in single-stranded or double-stranded form.
When an isolated nucleic acid, oligonucleotide or polynucle-
otide is to be utilized to express a protein, the oligonucleotide
or polynucleotide will contain at a minimum the sense or
coding strand (i.e., the oligonucleotide or polynucleotide may
single-stranded), but may contain both the sense and anti-
sense strands (i.e., the oligonucleotide or polynucleotide may
be double-stranded).

As used herein, a “portion of a chromosome” refers to a
discrete section of the chromosome. Chromosomes are
divided into sites or sections by cytogeneticists as follows: the
short (relative to the centromere) arm of a chromosome is
termed the “p” arm; the long arm is termed the “q” arm. Each
arm is then divided into 2 regions termed region 1 and region
2 (region 1 is closest to the centromere). Each region is further
divided into bands. The bands may be further divided into
sub-bands. For example, the 11p15.5 portion of human chro-
mosome 11 is the portion located on chromosome 11 (11) on
the short arm (p) in the first region (1) in the 5th band (5) in
sub-band 5 (0.5). A portion of a chromosome may be
“altered;” for instance the entire portion may be absent due to
a deletion or may be rearranged (e.g., inversions, transloca-
tions, expanded or contracted due to changes in repeat
regions). Inthe case of a deletion, an attempt to hybridize (i.e.,
specifically bind) a probe homologous to a particular portion
of a chromosome could result in a negative result (i.e., the
probe could not bind to the sample containing genetic mate-
rial suspected of containing the missing portion of the chro-
mosome). Thus, hybridization of a probe homologous to a
particular portion of a chromosome may be used to detect
alterations in a portion of a chromosome.

The term “sequences associated with a chromosome”
means preparations of chromosomes (e.g., spreads of
metaphase chromosomes), nucleic acid extracted from a
sample containing chromosomal DNA (e.g., preparations of
genomic DNA); the RNA that is produced by transcription of
genes located on a chromosome (e.g., hnRNA and mRNA),
and cDNA copies of the RNA transcribed from the DNA
located on a chromosome. Sequences associated with a chro-
mosome may be detected by numerous techniques including
probing of Southern and Northern blots and in situ hybrid-
ization to RNA, DNA, or metaphase chromosomes with
probes containing sequences homologous to the nucleic acids
in the above listed preparations.

As used herein the term “coding region” when used in
reference to structural gene refers to the nucleotide sequences
that encode the amino acids found in the nascent polypeptide
as a result of translation of a mRNA molecule. The coding
region is bounded, in eukaryotes, on the 5' side by the nucle-
otide triplet “ATG” that encodes the initiator methionine and
on the 3' side by one of the three triplets, which specify stop
codons (i.e., TAA, TAG, TGA).

As used herein, the term “purified” or “to purify” refers to
the removal of contaminants from a sample. For example,
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) antibodies are purified by removal of contaminating
non-immunoglobulin proteins; they are also purified by the
removal of immunoglobulin that does not bind a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) polypep-
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tide. The removal of non-immunoglobulin proteins and/or the
removal of immunoglobulins that do not bind a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) polypep-
tide results in an increase in the percent of muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5)-reactive immu-
noglobulins in the sample. In another example, recombinant
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptides are expressed in bacterial host cells and the
polypeptides are purified by the removal of host cell proteins;
the percent of recombinant muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, MS5) polypeptides is thereby
increased in the sample.

The term “recombinant DNA molecule” as used herein
refers to a DNA molecule that is comprised of segments of
DNA joined together by means of molecular biological tech-
niques.

The term “recombinant protein” or “recombinant polypep-
tide” as used herein refers to a protein molecule that is
expressed from a recombinant DNA molecule.

The term “native protein” as used herein, is used to indicate
a protein that does not contain amino acid residues encoded
by vector sequences; that is the native protein contains only
those amino acids found in the protein as it occurs in nature.
A native protein may be produced by recombinant means or
may be isolated from a naturally occurring source.

As used herein the term “portion” when in reference to a
protein (as in “a portion of a given protein”) refers to frag-
ments of that protein. The fragments may range in size from
four consecutive amino acid residues to the entire amino acid
sequence minus one amino acid.

The term “Southern blot,” refers to the analysis of DNA on
agarose or acrylamide gels to fractionate the DNA according
to size followed by transfer of the DNA from the gel to a solid
support, such as nitrocellulose or a nylon membrane. The
immobilized DNA is then probed with a labeled probe to
detect DNA species complementary to the probe used. The
DNA may be cleaved with restriction enzymes prior to elec-
trophoresis. Following electrophoresis, the DNA may be par-
tially depurinated and denatured prior to or during transfer to
the solid support. Southern blots are a standard tool of
molecular biologists (J. Sambrook et al., Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Press, NY, pp
9.31-9.58 [1989)).

The term “Northern blot,” as used herein refers to the
analysis of RNA by electrophoresis of RNA on agarose gels
to fractionate the RNA according to size followed by transfer
of the RNA from the gel to a solid support, such as nitrocel-
Iulose or a nylon membrane. The immobilized RNA is then
probed with a labeled probe to detect RNA species comple-
mentary to the probe used. Northern blots are a standard tool
of molecular biologists (J. Sambrook, et al., supra, pp 7.39-
7.52 [1989)).

The term “Western blot” refers to the analysis of protein(s)
(or polypeptides) immobilized onto a support such as nitro-
cellulose or a membrane. The proteins are run on acrylamide
gels to separate the proteins, followed by transfer of the
protein from the gel to a solid support, such as nitrocellulose
or a nylon membrane. The immobilized proteins are then
exposed to antibodies with reactivity against an antigen of
interest. The binding of the antibodies may be detected by
various methods, including the use of radiolabeled antibod-
ies.

The term “antigenic determinant” as used herein refers to
that portion of an antigen that makes contact with a particular
antibody (i.e., an epitope). When a protein or fragment of a
protein is used to immunize a host animal, numerous regions
of the protein may induce the production of antibodies that
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bind specifically to a given region or three-dimensional struc-
ture on the protein; these regions or structures are referred to
as antigenic determinants. An antigenic determinant may
compete with the intact antigen (i.e., the “immunogen” used
to elicit the immune response) for binding to an antibody.

The term “transgene” as used herein refers to a foreign,
heterologous, or autologous gene that is placed into an organ-
ism by introducing the gene into newly fertilized eggs or early
embryos. The term “foreign gene” refers to any nucleic acid
(e.g., gene sequence) that is introduced into the genome of an
animal by experimental manipulations and may include gene
sequences found in that animal so long as the introduced gene
does not reside in the same location as does the naturally-
occurring gene. The term “autologous gene” is intended to
encompass variants (e.g., polymorphisms or mutants) of the
naturally occurring gene. The term transgene thus encom-
passes the replacement of the naturally occurring gene with a
variant form of the gene.

As used herein, the term “vector” is used in reference to
nucleic acid molecules that transfer DNA segment(s) from
one cell to another. The term “vehicle” is sometimes used
interchangeably with “vector.”

The term “expression vector” as used herein refers to a
recombinant DNA molecule containing a desired coding
sequence and appropriate nucleic acid sequences necessary
for the expression of the operably linked coding sequence in
aparticular host organism. Nucleic acid sequences necessary
for expression in prokaryotes usually include a promoter, an
operator (optional), and a ribosome binding site, often along
with other sequences. Eukaryotic cells are known to utilize
promoters, enhancers, and termination and polyadenylation
signals.

Asusedherein, the term “host cell” refers to any eukaryotic
or prokaryotic cell (e.g., bacterial cells such as E. coli, yeast
cells, mammalian cells, avian cells, amphibian cells, plant
cells, fish cells, and insect cells), whether located in vitro or in
vivo. For example, host cells may be located in a transgenic
animal.

The terms “overexpression” and “overexpressing” and
grammatical equivalents, are used in reference to levels of
mRNA to indicate a level of expression approximately 3-fold
higher than that typically observed in a given tissue in a
control or non-transgenic animal. Levels of mRNA are mea-
sured using any of a number of techniques known to those
skilled in the art including, but not limited to Northern blot
analysis (See, Example 10, for a protocol for performing
Northern blot analysis).

The term “transfection” as used herein refers to the intro-
duction of foreign DNA into eukaryotic cells. Transfection
may be accomplished by a variety of means known to the art
including calcium phosphate-DNA co-precipitation, DEAE-
dextran-mediated transfection, polybrene-mediated transfec-
tion, electroporation, microinjection, liposome fusion, lipo-
fection, protoplast fusion, retroviral infection, and biolistics.

The term “stable transfection” or “stably transfected”
refers to the introduction and integration of foreign DNA into
the genome of the transfected cell. The term “stable transfec-
tant” refers to a cell that has stably integrated foreign DNA
into the genomic DNA.

The term “transient transfection” or “transiently trans-
fected” refers to the introduction of foreign DNA into a cell
where the foreign DNA fails to integrate into the genome of
the transfected cell. The foreign DNA persists in the nucleus
of the transfected cell for several days. During this time the
foreign DNA is subject to the regulatory controls that govern
the expression of endogenous genes in the chromosomes. The
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term “transient transfectant” refers to cells that have taken up
foreign DNA but have failed to integrate this DNA.

The term “calcium phosphate co-precipitation” refers to a
technique for the introduction of nucleic acids into a cell. The
uptake of nucleic acids by cells is enhanced when the nucleic
acid is presented as a calcium phosphate-nucleic acid co-
precipitate. The original technique of Graham and van der Eb
(Graham and van der Eb, Virol., 52:456 [1973]), has been
modified by several groups to optimize conditions for par-
ticular types of cells. The art is well aware of these numerous
modifications.

A “composition comprising a given polynucleotide
sequence” as used herein refers broadly to any composition
containing the given polynucleotide sequence. The composi-
tion may comprise an aqueous solution. Compositions com-
prising polynucleotide sequences encoding Muscarinic Ace-
tylcholine Receptors (M1, M2, M3, M4, M5) (e.g., SEQ ID
NOs:1, 2, 3, 4 and/or 5) or fragments thereof may be
employed as hybridization probes. In this case, the muscar-
inic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
encoding polynucleotide sequences are typically employed in
an aqueous solution containing salts (e.g., NaCl), detergents
(e.g., SDS), and other components (e.g., Denhardt’s solution,
dry milk, salmon sperm DNA, etc.).

The term “test compound” refers to any chemical entity,
pharmaceutical, drug, and the like that can be used to treat or
prevent a disease, illness, sickness, or disorder of bodily
function, or otherwise alter the physiological or cellular status
of a sample. Test compounds comprise both known and
potential therapeutic compounds. A test compound can be
determined to be therapeutic by screening using the screening
methods of the present invention. A “known therapeutic com-
pound” refers to a therapeutic compound that has been shown
(e.g., through animal trials or prior experience with adminis-
tration to humans) to be effective in such treatment or pre-
vention.

The term “sample” as used herein is used in its broadest
sense. A sample suspected of containing a human chromo-
some or sequences associated with a human chromosome
may comprise a cell, chromosomes isolated from a cell (e.g.,
a spread of metaphase chromosomes), genomic DNA (in
solution or bound to a solid support such as for Southern blot
analysis), RNA (in solution or bound to a solid support such
as for Northern blot analysis), cDNA (in solution or bound to
a solid support) and the like. A sample suspected of contain-
ing a protein may comprise a cell, a portion of a tissue, an
extract containing one or more proteins and the like.

As used herein, the term “response,” when used in refer-
enceto an assay, refers to the generation of a detectable signal
(e.g., accumulation of reporter protein, increase in ion con-
centration, accumulation of a detectable chemical product).

As used herein, the term “reporter gene” refers to a gene
encoding a protein that may be assayed. Examples of reporter
genes include, but are not limited to, luciferase (See, e.g.,
deWet et al., Mol. Cell. Biol. 7:725[1987] and U.S. Pat. Nos.
6,074,859, 5,976,796, 5,674,713; and 5,618,682; all of which
are incorporated herein by reference), green fluorescent pro-
tein (e.g., GenBank Accession Number U43284; a number of
GFP variants are commercially available from CLONTECH
Laboratories, Palo Alto, Calif.), chloramphenicol acetyl-
transferase, f-galactosidase, alkaline phosphatase, and horse
radish peroxidase.

DETAILED DESCRIPTION OF THE INVENTION

Odor perception in mammals is a complex process medi-
ated by the activation of ORs expressed at the cilia of millions
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of olfactory sensory neurons (OSNs) lining the olfactory
epithelium (see, e.g., L. Buck, R. Axel, Cell 65, 175 (Apr. 5,
1991); S. Firestein, Nature 413, 211 (2001); each herein
incorporated by reference in its entirety). Upon activation by
cognate odorants, ORs, which are Class A GPCRs, interact
with the stimulatory G protein G,,,;+ Release of G, ;from the
[y subunit then activates type I1I adenylyl cyclase (ACIII), an
enzyme that rapidly catalyzes the cyclization of AMP (see,
e.g., L. B. Buck, Annual review of neuroscience 19, 517
(1996); G. M. Shepherd, Neuron 13, 771 (October, 1994); R.
R. Reed, Neuron 8, 205 (February, 1992); D. Lancet, N.
Ben-Arie, Curr Biol 3, 668 (Oct. 1, 1993); each herein incor-
porated by reference in its entirety). A rise in cytosolic cAMP
triggers the activation of cAMP-gated Ca®* channels, ulti-
mately resulting in membrane depolarization and action-po-
tential generation.

While the above pathways for OR activation has been the
established paradigm for OR signalling, others have proposed
that some odors activate a secondary signaling pathway that
involves the secondary messenger IP3, but the molecular
mechanisms through which the IP3 pathway is activated is
notwell understood (see, e.g., K. Klasen et al., Cell Signal 22,
150 (January); 1. Boekhoff, E. Tareilus, J. Strotmann, H.
Breer, Embo J 9, 2453 (August, 1990); each herein incorpo-
rated by reference in its entirety) and is complicated by the
heterogeneity of ORs.

This heterogeneity is part due to existence of a large mam-
malian OR repertoire: more than 350 human and 1000 mouse
ORs have been identified thus far. While much is now known
about the ligand specificity of other GPCRs, the odor dis-
crimination and specificity of most ORs remain poorly char-
acterized, despite the fact that mammalian ORs were discov-
ered more than 15 years ago (see, e.g., L. Buck, R. Axel, Cell
65,175 (Apr. 5, 1991); herein incorporated by reference in its
entirety).

Evidence thus far suggests that odor recognition in mam-
mals depends on complex receptor-ligand interactions that
result in the activation of a repertoire of ORs expressed by
defined subsets of OSNs (see, e.g., B. Malnic, J. Hirono, T.
Sato, L. B. Buck, Cell 96, 713 (Mar. 5, 1999); H. Saito, Q.
Chi, H. Zhuang, H. Matsunami, J. D. Mainland, Sci Signal 2,
ra9 (2009); each herein incorporated by reference in its
entirety). Efforts toward understanding OR-ligand interac-
tions have been impeded by poor OR activation in heterolo-
gous cell systems. Several cofactors are now used, in combi-
nation, to improve OR activation in heterologous cells (see,
e.g., P. Mombaerts, Nat Rev Neurosci 5, 263 (April, 2004); L.
E. Von Dannecker, A. F. Mercadante, B. Malnic, Proc Natl
Acad Sci USA 103, 9310 (Jun. 13, 2006); each herein incor-
porated by reference in its entirety). For example, it has been
previously demonstrated that coexpressing transmembrane,
olfactory-specific Receptor Transporting Proteins RTP1 and
RTP2 along with ORs in HEK293T cells significantly
increase the functional cell-surface expression of ORs (see,
e.g., H. Saito, M. Kubota, R. W. Roberts, Q. Chi, H. Matsu-
nami, Cell 119, 679 (Nov. 24, 2004); H. Zhuang, H. Matsu-
nami, ] Biol Chem 282, 15284 (May 18,2007); U.S. Pat. Nos.
7,425,445, 7,838,288, 7,691,592; U.S. Patent Application
Publication Nos. 2010/0222561, 2009/0124003, 2009/
0092997; each herein incorporated by reference in its
entirety). ORs that are N-terminally-tagged with the first 20
amino acids of rhodopsin (Rho-tag) are frequently used in
heterologous cells because Rho-tag enhances the membrane
targeting of some ORs (see, e.g., D. Krautwurst, K. W. Yau, R.
R. Reed, Cell 95, 917 (1998); herein incorporated by refer-
ence in its entirety).
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In addition to the accessory factors mentioned above, it has
been found that the cell-surface expression of one receptor,
OR-M71, can be enhanced when non-OR GPCRs, including
the beta2-adrenergic receptor f2AR and purinergic receptor
P2Y1, are coexpressed in HEK293 cells. However, this
enhancement applies only to OR-M71 and a closely related
receptor, but not to other ORs (see, e.g., C. Hague et al., Proc
Natl Acad Sci USA 101, 13672 (Sep. 14, 2004); C. F. Bush et
al., J Biol Chem 282, 19042 (Jun. 29, 2007); each herein
incorporated by reference in its entirety). These findings have
led to dramatic improvements in OR activation in vitro, and
more importantly, support the idea that ORs do not function
alone, but require a number of accessory proteins.

While GPCR heteromerization is not well-understood,
such interactions have been shown to be essential for the
function of a number of GPCRs through a variety of mecha-
nisms (see, e.g., G. Milligan, Biochim Biophys Acta 1768,
825 (April, 2007); S. C. Prinster, C. Hague, R. A. Hall, Phar-
macol Rev 57, 289 (Sep. 1, 2005); each herein incorporated
by reference in its entirety). For example, heteromerizaton of
GABAR1 and GABAZR2 is required for the proper traffick-
ing of GABA; receptors in neurons (see, e.g., F. H. Marshall,
Current Opinion in Pharmacology 1, 40 (2001); herein incor-
porated by reference in its entirety). In other instances, how-
ever, heteromer formation appears to regulate GPCR signal-
ing. For example, heteromerization is required for the
reciprocal modulation of beta2-adrenergic receptors f2AR
and angiotensin II type 1 AT1 receptors in cardiomyocytes.
When 2AR activity is blocked, the ATT receptor is function-
ally decoupled from Gq, independent of angiotensin binding.
Conversely, when the AT1 receptor is blocked, the p2AR is
decoupled from Gs, leading to the loss of downstream cAMP
signaling (see, e.g., L. Luttrell, Molecular Biotechnology 39,
239 (2008); L. Barki-Harrington, L. M. Luttrell, H. A. Rock-
man. (2003), vol. 108, pp. 1611-1618; each herein incorpo-
rated by reference in its entirety ). However, apart from several
other accepted examples, the general physiological signifi-
cance of GPCR heteromers has been debated in some cases
(see, e.g., G. Milligan, Biochim Biophys Acta 1768, 825
(April, 2007); M. Chabre, M. le Maire, Biochemistry 44,
9395 (2005); S. AbdAlla, H. Lother, U. Quitterer, Nature 407,
94 (Sep. 7, 2000); J. L. Hansen et al., ] Biol Chem 284, 1831
(Jan. 16, 2009); each herein incorporated by reference in its
entirety).

Experiments conducted during the course of developing
embodiments for the present invention demonstrated that the
interaction of ORs with the type 3 muscarinic acetylcholine
receptor M3 (see, e.g., F.-Y. Zeng, J. Wess, J. Biol. Chem.
274, 19487 (Jul. 2, 1999, 1999); herein incorporated by ref-
erence in its entirety), which is coexpressed with ORs in
olfactory sensory neurons (OSNs), is important for the
response of ORs to cognate odor ligands. For example, it was
shown that in HEK293T cells, ORs and M3 can be coprecipi-
tated, and coexpression of M3 increases the potency and
efficacy of odor-elicited responses of a broad range of ORs. In
addition, by monitoring the odor response of acutely dissoci-
ated mice OSNs, odor-dependent activation of OSNs is
attenuated by M3-selective antagonists was demonstrated. In
parallel, it was shown that when M3 is coexpressed, OR
activation can be further enhanced by muscarinic agonists
and inhibited by muscarinic antagonists in HEK293T cells.
Furthermore, it was shown that M3-dependent potentiation of
OR signaling is synergistic with that of RTP1S, an accessory
factor required for efficient OR membrane-targeting. How-
ever, coexpression of M3 does not seem to enhance the cell-
surface expression of ORs, suggesting that M3 acts through
mechanism independent of RTP1, for example, by enhancing
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the response of ORs already at the cell surface. Finally, OR
activation by cognate odors transactivates M3 in the absence
of M3 agonist. The crosstalk between ORs and M3 suggests,
for example, that the functional coupling of ORs and M3 is
important for robust OR activation.

The identification and use of proteins involved in the
modulation of OR activity (e.g., inhibition, enhancement
(e.g., M3)) provides numerous research, diagnostic, drug
screening, and therapeutic applications. For example, the
nucleic acids and proteins of the present invention permit the
selective and controllable presentation of ORs on test cells to,
among other things, identifty new ORs, characterize ORs,
identify OR ligands, correlate olfactory responses to the
molecular interactions underlying such response, identify
and characterize groups of ORs and ligands responsible for
olfactory responses and health conditions, and identify,
select, and characterize regulators of OR response to study
and control olfactory responses. The present invention, also,
thus provides means for manipulating olfactory responses
and the molecular basis for such response in vitro and in vivo.
Numerous commercial applications are thus made possible,
including the production, characterization, and use of in vitro
or in vivo cell arrays expressing desired localized ORs for
screening (e.g., high-throughput screening) compounds or
use as synthetic olfactory systems. Any industry, including
food industries, health industries, cosmetic industries, mili-
taries, sanitary agencies, animal sniffers (e.g., for drugs,
explosives, accident victims, etc.), among many others will
find use of the compositions and methods of the present
invention.

Accordingly, the present invention relates to polypeptides
capable of modulating odorant receptor activation. In particu-
lar, the present invention provides polypeptides (e.g., type 3
muscarinic actetylcholine receptor M3) capable of enhancing
odorant receptor activation. The present invention further
provides assays for the detection of ligands specific for vari-
ous odorant receptors. Additionally, the present invention
provides methods of screening for polypeptide polymor-
phisms and mutations associated with odorant receptor acti-
vation (e.g., polymorphisms and mutations associated with
muscarinic actetylcholine receptor polypeptides (e.g., M1,
M2, M3, M4, M5)), as well as methods of screening for
therapeutic agents, ligands, and modulators of such proteins.

Exemplary compositions and methods of the present
invention are described in more detail in the following sec-
tions: 1. Muscarinic Acetylcholine Receptor Polynucleotides;
II. Muscarinic Acetylcholine Receptor Polypeptides; III.
Detection of Muscarinic Acetylcholine Receptor Alleles; IV.
Generation of Muscarinic Acetylcholine Receptor Antibod-
ies; V. Gene Therapy Using Muscarinic Acetylcholine Recep-
tor; V1. Transgenic Animals Expressing Exogenous Muscar-
inic Acetylcholine Receptor Genes and Homologs, Mutants,
and Variants Thereof; VII. Drug Screening Using Muscarinic
Acetylcholine Receptor; VIII. Pharmaceutical Compositions
Containing Muscarinic Acetylcholine Receptor Nucleic
Acid, Peptides, and Analogs; IX. RNAi for Muscarinic Ace-
tylcholine Receptor; and X. Identification of Odorant Recep-
tor Ligands.

The practice of the present invention employs, unless oth-
erwise indicated, conventional techniques of organic chem-
istry, pharmacology, molecular biology (including recombi-
nant techniques), cell biology, biochemistry, and
immunology, which are within the skill of the art. Such tech-
niques are explained fully in the literature, such as, “Molecu-
lar cloning: a laboratory manual” Second Edition (Sambrook
et al., 1989); “Oligonucleotide synthesis” (M. J. Gait, ed.,
1984); “Animal cell culture” (R. I. Freshney, ed., 1987); the
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series “Methods in enzymology” (Academic Press, Inc.);
“Handbook of experimental immunology” (D. M. Weir & C.
C. Blackwell, eds.); “Gene transfer vectors for mammalian
cells” (J. M. Miller & M. P. Calos, eds., 1987); “Current
protocols in molecular biology” (F. M. Ausubel et al., eds.,
1987, and periodic updates); “PCR: the polymerase chain
reaction” (Mullis et al., eds., 1994); and “Current protocols in
immunology” (J. E. Coligan et al., eds., 1991), each of which
is herein incorporated by reference in its entirety.
1. Muscarinic Acetylcholine Receptor Polynucleotides

As described above, the present invention provides novel
proteins capable of modulating odorant receptor activation.
In particular, the present invention provides Muscarinic Ace-
tylcholine Receptor genes and polypeptides (e.g., type 1 Mus-
carinic Acetylcholine Receptor (M1); type 2 Muscarinic Ace-
tylcholine Receptor (M2); type 3 Muscarinic Acetylcholine
Receptor (M3); type 4 Muscarinic Acetylcholine Receptor
(M4), type 5 Muscarinic Acetylcholine Receptor (M5)). In
some embodiments, M1, M2, M3, M4 and M5, and variants
thereof, are capable of altering (e.g., inhibiting or enhancing)
odorant receptor activation. In some embodiments, M3, and
variants thereof, are capable of enhancing odorant receptor
activation. In some embodiments, coexpression of M3 and
RTPIS results in enhanced odorant receptor activation.

Accordingly, the present invention provides nucleic acids
encoding muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, MS5) genes, homologs, variants (e.g., polymor-
phisms and mutants), including but not limited to, those
described in SEQ ID NOs:1-5 (see, e.g., NCBI Reference
Sequences NM_001112697.1 (M1), NM_ 203491.2 (M2),
NM__033269.4 (M3), NM__007699.2 (M4), NM__205783.2
(MS5); each herein incorporated by reference in its entirety)
(see, e.g., FIGS. 21-25). The present invention provides
nucleic acids encoding RTP1S (SEQID NO: 6) (see, e.g., Gen
Bank: EU070411.1; herein incorporated by reference in its
entirety). Table 2 describes exemplary Muscarinic Acetyl-
choline Receptor and RTP1S genes and polypeptides of the
present invention.

TABLE 2

Muscarinic Acetylcholine Receptor and RTP1S Genes and Polypeptides

SEQ ID NO (Nucleic SEQ ID NO
Gene acid) (Polypeptide)
M1 1 7
M2 2 8
M3 3 9
M4 4 10
M5 5 11
RTP1S 6

In some embodiments, the present invention provides
polynucleotide sequences that are capable of hybridizing to
SEQ ID NOs: 1-6 under conditions of low to high stringency
as long as the polynucleotide sequence capable ot hybridizing
encodes a protein that retains a biological activity of the
naturally occurring Muscarinic Acetylcholine Receptor (M1,
M2, M3, M4 and/or M5) and/or RTP1S protein. In some
embodiments, the protein that retains a biological activity of
a naturally occurring Muscarinic Acetylcholine Receptor
(M1, M2, M3, M4 and/or M5) and/or RTP1S protein is 70%
homologous to the wild-type Muscarinic Acetylcholine
Receptor (M1, M2, M3, M4 and/or M5) and/or RTP1S, pret-
erably 80% homologous to the wild-type Muscarinic Acetyl-
choline Receptor (M1, M2, M3, M4 and/or M5) and/or
RTPI1S, more preferably 90% homologous to the wild-type
Muscarinic Acetylcholine Receptor (M1, M2, M3, M4 and/or
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MS5) and/or RTP1S, and most preferably 95% homologous to
wild-type the Muscarinic Acetylcholine Receptor (M1, M2,
M3, M4 and/or M5) and/or RTP1S. In some embodiments,
hybridization conditions are based on the melting tempera-
ture (T,,) of the nucleic acid binding complex and confer a
defined “stringency” as explained above (see e.g., Wahl, et al.,
Meth. Enzymol., 152:399-407 (1987), incorporated herein by
reference).

In other embodiments of the present invention, additional
alleles of Muscarinic Acetylcholine Receptor (M1, M2, M3,
M4 and/or M5) and/or RTP genes are provided. In some
embodiments, alleles result from a polymorphism or muta-
tion (i.e., a change in the nucleic acid sequence) and generally
produce altered mRNAs or polypeptides whose structure or
function may or may not be altered. Any given gene may have
none, one or many allelic forms. Common mutational
changes that give rise to alleles are generally ascribed to
deletions, additions or substitutions of nucleic acids. Each of
these types of changes may occur alone, or in combination
with the others, and at the rate of one or more times in a given
sequence. Additional examples include truncation mutations
(e.g., such that the encoded mRNA does not produce a com-
plete protein).

In still other embodiments of the present invention, the
nucleotide sequences of the present invention may be engi-
neered in order to alter a Muscarinic Acetylcholine Receptor
(M1, M2, M3, M4 and/or MS) and/or RTP1S coding
sequence for a variety of reasons, including but not limited to,
alterations which modify the cloning, processing and/or
expression of the gene product. For example, mutations may
be introduced using techniques that are well known in the art
(e.g., site-directed mutagenesis to insert new restriction sites,
to alter glycosylation patterns, to change codon preference,
etc.).

In some embodiments of the present invention, the poly-
nucleotide sequence of M1, M2, M3, M4 and/or M5 may be
extended utilizing the nucleotide sequence in various meth-
ods known in the art to detect upstream sequences such as
promoters and regulatory elements. For example, it is con-
templated that restriction-site polymerase chain reaction
(PCR) will find use in the present invention. This is a direct
method that uses universal primers to retrieve unknown
sequence adjacent to a known locus (Gobinda et al., PCR
Methods Applic., 2:318-22 (1993); herein incorporated by
reference in its entirety). First, genomic DNA is amplified in
the presence of a primer to a linker sequence and a primer
specific to the known region. The amplified sequences are
then subjected to a second round of PCR with the same linker
primer and another specific primer internal to the first one.
Products of each round of PCR are transcribed with an appro-
priate RNA polymerase and sequenced using reverse tran-
scriptase.

In another embodiment, inverse PCR can be used to
amplify or extend sequences using divergent primers based
on a known region (Triglia et al., Nucleic Acids Res., 16:8186
[1988]). The primers may be designed using Oligo 4.0 (Na-
tional Biosciences Inc, Plymouth Minn.), or another appro-
priate program, to be 22-30 nucleotides in length, to have a
GC content of 50% or more, and to anneal to the target
sequence at temperatures about 68-72° C. The method uses
several restriction enzymes to generate a suitable fragment in
the known region of a gene. The fragment is then circularized
by intramolecular ligation and used as a PCR template. In still
other embodiments, walking PCR is utilized. Walking PCR is
a method for targeted gene walking that permits retrieval of
unknown sequence (Parker et al., Nucleic Acids Res.,
19:3055-60 [1991]). The PROMOTERFINDER kit (Clon-
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tech) uses PCR, nested primers and special libraries to “walk
in” genomic DNA. This process avoids the need to screen
libraries and is useful in finding intron/exon junctions.

Preferred libraries for screening for full length ¢cDNAs
include mammalian libraries that have been size-selected to
include larger cDNAs. Also, random primed libraries are
preferred, in that they will contain more sequences that con-
tain the 5' and upstream gene regions. A randomly primed
library may be particularly useful in case where an oligo d(T)
library does not yield full-length cDNA. Genomic mamma-
lian libraries are useful for obtaining introns and extending 5'
sequence.

In other embodiments of the present invention, variants of
the disclosed M1, M2, M3, M4 and/or M5 sequences are
provided. In some embodiments, variants result from poly-
morphisms or mutations (i.e., a change in the nucleic acid
sequence) and generally produce altered mRNAs or polypep-
tides whose structure or function may or may not be altered.
Any given gene may have none, one, or many variant forms.
Common mutational changes that give rise to variants are
generally ascribed to deletions, additions or substitutions of
nucleic acids. Each of these types of changes may occur
alone, or in combination with the others, and at the rate of one
or more times in a given sequence.

It is contemplated that it is possible to modify the structure
of'a peptide having a function (e.g., M1, M2, M3, M4 and/or
MS5 function) for such purposes as altering the biological
activity (e.g., modulated M1, M2, M3, M4 and/or M5 func-
tion). Such modified peptides are considered functional
equivalents of peptides having an activity of a M1, M2, M3,
M4 and/or M5 peptide as defined herein. A modified peptide
can be produced in which the nucleotide sequence encoding
the polypeptide has been altered, such as by substitution,
deletion, or addition. In some embodiments, these modifica-
tions do not significantly reduce the biological activity of the
modified M1, M2, M3, M4 and/or M5 genes. In other words,
construct “X” can be evaluated in order to determine whether
it is a member of the genus of modified or variant M1, M2,
M3, M4 and/or M5 of the present invention as defined func-
tionally, rather than structurally. In some embodiments, the
activity of variant M1, M2, M3, M4 and/or M5 polypeptides
is evaluated by methods described herein (e.g., the generation
of transgenic animals or the use of signaling assays).

Moreover, as described above, variant forms of M1, M2,
M3, M4 and/or M5 genes are also contemplated as being
equivalent to those peptides and DNA molecules that are set
forth in more detail herein. For example, it is contemplated
that isolated replacement of a leucine with an isoleucine or
valine, an aspartate with a glutamate, a threonine with a
serine, or a similar replacement of an amino acid with a
structurally related amino acid (i.e., conservative mutations)
will not have a major effect on the biological activity of the
resulting molecule. Accordingly, some embodiments of the
present invention provide variants of M1, M2, M3, M4 and/or
MS5 containing conservative replacements. Conservative
replacements are those that take place within a family of
amino acids that are related in their side chains. Genetically
encoded amino acids can be divided into four families: (1)
acidic (aspartate, glutamate); (2) basic (lysine, arginine, his-
tidine); (3) nonpolar (alanine, valine, leucine, isoleucine, pro-
line, phenylalanine, methionine, tryptophan); and (4)
uncharged polar (glycine, asparagine, glutamine, cysteine,
serine, threonine, tyrosine). Phenylalanine, tryptophan, and
tyrosine are sometimes classified jointly as aromatic amino
acids. In similar fashion, the amino acid repertoire can be
grouped as (1) acidic (aspartate, glutamate); (2) basic (lysine,
arginine, histidine), (3) aliphatic (glycine, alanine, valine,
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leucine, isoleucine, serine, threonine), with serine and threo-
nine optionally be grouped separately as aliphatic-hydroxyl;
(4) aromatic (phenylalanine, tyrosine, tryptophan); (5) amide
(asparagine, glutamine); and (6) sulfur-containing (cysteine
and methionine) (e.g., Stryer ed., Biochemistry, pg. 17-21,
2nded, WH Freeman and Co., 1981). Whether a change in the
amino acid sequence of a peptide results in a functional
polypeptide can be readily determined by assessing the abil-
ity of the variant peptide to function in a fashion similar to the
wild-type protein. Peptides having more than one replace-
ment can readily be tested in the same manner.

More rarely, a variant includes “nonconservative” changes
(e.g., replacement of a glycine with a tryptophan). Analogous
minor variations can also include amino acid deletions or
insertions, or both. Guidance in determining which amino
acid residues can be substituted, inserted, or deleted without
abolishing biological activity can be found using computer
programs (e.g., LASERGENE software, DNASTAR Inc.,
Madison, Wis.).

As described in more detail below, variants may be pro-
duced by methods such as directed evolution or other tech-
niques for producing combinatorial libraries of variants,
described in more detail below. In still other embodiments of
the present invention, the nucleotide sequences of the present
invention may be engineered in order to alter a M1, M2, M3,
M4 and/or M5 coding sequence including, but not limited to,
alterations that modify the cloning, processing, localization,
secretion, and/or expression of the gene product. For
example, mutations may be introduced using techniques that
are well known in the art (e.g., site-directed mutagenesis to
insert new restriction sites, alter glycosylation patterns, or
change codon preference, etc.).

II. Muscarinic Acetylcholine Receptor Polypeptides

In other embodiments, the present invention provides mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
polynucleotide sequences that encode muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, MS5) polypeptide
sequences (e.g., the polypeptides of SEQ ID NOs: 7, 8,9, 10
and 11, respectively). In some embodiments, the present
invention provides a polypeptide encoded by a nucleic acid
selected from the group consisting of SEQ ID NOs: 1,2,3, 4
and 5 and variants thereof that are at least 80% identical to
SEQ ID NOs: 1, 2, 3, 4, or 5. In further embodiments, the
protein is at least 90% identical to SEQ ID NOs: 1, 2,3, 4 or
5. In even further embodiments, the protein is at least 95%
identical to SEQ ID NOs: 1, 2, 3, 4 or 5. Other embodiments
of'the present invention provide fragments, fusion proteins or
functional equivalents of muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) proteins. In some embodiments,
the present invention provides mutants of muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) polypeptides.
In still other embodiments of the present invention, nucleic
acid sequences corresponding to muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) variants, homologs, and
mutants may be used to generate recombinant DNA mol-
ecules that direct the expression of the muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, MS5) variants,
homologs, and mutants in appropriate host cells. In some
embodiments of the present invention, the polypeptide may
be a naturally purified product, in other embodiments it may
be a product of chemical synthetic procedures, and in still
other embodiments it may be produced by recombinant tech-
niques using a prokaryotic or eukaryotic host (e.g., by bacte-
rial, yeast, higher plant, insect and mammalian cells in cul-
ture). In some embodiments, depending upon the host
employed in a recombinant production procedure, the
polypeptide of the present invention may be glycosylated or
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may be non-glycosylated. In other embodiments, the
polypeptides of the invention may also include an initial
methionine amino acid residue.

In one embodiment of the present invention, due to the
inherent degeneracy of the genetic code, DNA sequences
other than the polynucleotide sequences of SEQ ID NOs: 1-5
that encode substantially the same or a functionally equiva-
lent amino acid sequence, may be used to clone and express
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) proteins. In general, such polynucleotide sequences
hybridize to one of SEQ ID NOs: 1-5 under conditions of high
to medium stringency as described above. As will be under-
stood by those of skill in the art, it may be advantageous to
produce muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) encoding nucleotide sequences possessing
non-naturally occurring codons. Therefore, in some embodi-
ments, codons preferred by a particular prokaryotic or
eukaryotic host (Murray et al., Nucl. Acids Res., 17 [1989])
are selected, for example, to increase the rate of muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) expres-
sion or to produce recombinant RNA transcripts having desir-
able properties, such as a longer half-life, than transcripts
produced from naturally occurring sequence.

In some embodiments, muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) polypeptides are used to modu-
late (e.g., inhibit, enhance) odorant receptor activation.

1. Vectors for Production of Muscarinic Acetylcholine
Receptors (M1, M2, M3, M4, M5)

The polynucleotides of the present invention may be
employed for producing polypeptides by recombinant tech-
niques. Thus, for example, the polynucleotide may be
included in any one of a variety of expression vectors for
expressing a polypeptide. In some embodiments of the
present invention, vectors include, but are not limited to,
chromosomal, nonchromosomal and synthetic DNA
sequences (e.g., derivatives of SV40, bacterial plasmids,
phage DNA; baculovirus, yeast plasmids, vectors derived
from combinations of plasmids and phage DNA, and viral
DNA such as vaccinia, adenovirus, fowl pox virus, and pseu-
dorabies). It is contemplated that any vector may be used as
long as it is replicable and viable in the host.

In particular, some embodiments of the present invention
provide recombinant constructs comprising one or more of
the sequences as broadly described above (e.g., SEQ ID NOs:
1-5). In some embodiments of the present invention, the con-
structs comprise a vector, such as a plasmid or viral vector,
into which a sequence of the invention has been inserted, in a
forward or reverse orientation. In still other embodiments, the
heterologous structural sequence (e.g., SEQ ID NOs: 1-5) is
assembled in appropriate phase with translation initiation and
termination sequences. In some embodiments of the present
invention, the appropriate DNA sequence is inserted into the
vector using any of a variety of procedures. In general, the
DNA sequence is inserted into an appropriate restriction
endonuclease site(s) by procedures known in the art.

Large numbers of suitable vectors are known to those of
skill in the art, and are commercially available. Such vectors
include, but are not limited to, the following vectors: 1) Bac-
terial—pQE70, pQE60, pQE-9 (Qiagen), pBS, pD10, phag-
escript, psiX 174, pbluescript SK, pBSKS, pNHS8A, pNH16a,
pNH18A, pNH46A (Stratagene); ptrc99a, pKK223-3,
pKK233-3, pDR540, pRITS (Pharmacia); 2) Eukaryotic—
pWLNEO, pSV2CAT, pOG44, PXT1, pSG (Stratagene)
pSVK3, pBPV, pMSG, pSVL (Pharmacia); and 3) Baculovi-
rus—pPbac and pMbac (Stratagene). Any other plasmid or
vector may be used as long as they are replicable and viable in
the host. In some embodiments of the present invention,
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mammalian expression vectors comprise an origin of repli-
cation, a suitable promoter and enhancer, and also any nec-
essary ribosome binding sites, polyadenylation sites, splice
donor and acceptor sites, transcriptional termination
sequences, and 5' flanking non-transcribed sequences. In
other embodiments, DNA sequences derived from the SV40
splice, and polyadenylation sites may be used to provide the
required non-transcribed genetic elements.

In certain embodiments of the present invention, the DNA
sequence in the expression vector is operatively linked to an
appropriate expression control sequence(s) (promoter) to
direct mRNA synthesis. Promoters useful in the present
invention include, but are not limited to, the LTR or SV40
promoter, the E. coli lac or trp, the phage lambda P; and P,
T3 and T7 promoters, and the cytomegalovirus (CMV) imme-
diate early, herpes simplex virus (HSV) thymidine kinase,
and mouse metallothionein-I promoters and other promoters
known to control expression of genes in prokaryotic or
eukaryotic cells or their viruses. In other embodiments of the
present invention, recombinant expression vectors include
origins of replication and selectable markers permitting trans-
formation of the host cell (e.g., dihydrofolate reductase or
neomycin resistance for eukaryotic cell culture, or tetracy-
cline or ampicillin resistance in E. coli).

In some embodiments of the present invention, transcrip-
tion of the DNA encoding the polypeptides of the present
invention by higher eukaryotes is increased by inserting an
enhancer sequence into the vector. Enhancers are cis-acting
elements of DNA, usually about from 10 to 300 bp that act on
a promoter to increase its transcription. Enhancers useful in
the present invention include, but are not limited to, the SV40
enhancer on the late side of the replication origin by 100 to
270, a cytomegalovirus early promoter enhancer, the
polyoma enhancer on the late side of the replication origin,
and adenovirus enhancers.

In other embodiments, the expression vector also contains
a ribosome binding site for translation initiation and a tran-
scription terminator. In still other embodiments of the present
invention, the vector may also include appropriate sequences
for amplitying expression.

2. Host Cells for Production of Muscarinic Acetylcholine
Receptor (e.g., M1, M2, M3, M4, M5) Polypeptides

In a further embodiment, the present invention provides
host cells containing the above-described constructs. In some
embodiments of the present invention, the host cell is a higher
eukaryotic cell (e.g., a mammalian or insect cell). In other
embodiments of the present invention, the host cell is a lower
eukaryotic cell (e.g., a yeast cell). In still other embodiments
of'the present invention, the host cell can be a prokaryotic cell
(e.g., abacterial cell). Specific examples of host cells include,
but are not limited to, Escherichia coli, Salmonella typhimu-
rium, Bacillus subtilis, and various species within the genera
Pseudomonas, Streptomyces, and Staphylococcus, as well as
Saccharonzycees cerivisiae, Schizosaccharomycees pombe,
Drosophila S2 cells, Spodoptera S19 cells, Chinese hamster
ovary (CHO) cells, COS-7 lines of monkey kidney fibro-
blasts, (Gluzman, Cell 23:175[1981]),C127,3T3,293, 293T,
HeLa and BHK cell lines.

The constructs in host cells can be used in a conventional
manner to produce the gene product encoded by the recom-
binant sequence. In some embodiments, introduction of the
construct into the host cell can be accomplished by calcium
phosphate transfection, DEAE-Dextran mediated transfec-
tion, or electroporation (See e.g., Davis et al., Basic Methods
in Molecular Biology, [1986]). Alternatively, in some
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embodiments of the present invention, the polypeptides of the
invention can be synthetically produced by conventional pep-
tide synthesizers.

Proteins can be expressed in mammalian cells, yeast, bac-
teria, or other cells under the control of appropriate promot-
ers. Cell-free translation systems can also be employed to
produce such proteins using RNAs derived from the DNA
constructs of the present invention. Appropriate cloning and
expression vectors for use with prokaryotic and eukaryotic
hosts are described by Sambrook, et al., Molecular Cloning:
A Laboratory Manual, Second Edition, Cold Spring Harbor,
N.Y, [1989].

In some embodiments of the present invention, following
transformation of a suitable host strain and growth of the host
strain to an appropriate cell density, the selected promoter is
induced by appropriate means (e.g., temperature shift or
chemical induction) and cells are cultured for an additional
period. In other embodiments of the present invention, cells
are typically harvested by centrifugation, disrupted by physi-
cal or chemical means, and the resulting crude extract
retained for further purification. In still other embodiments of
the present invention, microbial cells employed in expression
of proteins can be disrupted by any convenient method,
including freeze-thaw cycling, sonication, mechanical dis-
ruption, or use of cell lysing agents.

In some embodiments, the present invention provides a cell
line (e.g., heterologous 293T cell lines, Hana3A cell lines)
comprising coexpression of an odorant receptor (e.g., human
odorant receptor, murine odorant receptor, synthetic odorant
receptor) localized to the cell surface and a Muscarinic Ace-
tylcholine Receptor (M1, M2, M3, M4, and/or M5). In some
embodiments, cell lines (e.g., heterologous 293T cell lines,
Hana3 A cell lines) are provided comprising coexpression of
an odorant receptor (e.g., human odorant receptor, murine
odorant receptor, synthetic odorant receptor) localized to the
cell surface and M3 so as to provide enhanced OR activation.
In some embodiments, cell lines (e.g., heterologous 293T cell
lines, Hana3 A cell lines) are provided comprising coexpres-
sion of an odorant receptor (e.g., human odorant receptor,
murine odorant receptor, synthetic odorant receptor) local-
ized to the cell surface, M3, and a polypeptide known to assist
in cell surface localization of odorant receptors (e.g., REEP
polypeptides, RTP polypeptides (see, e.g., U.S. Pat. Nos.
7,425,445, 7,838,288, 7,691,592; U.S. Patent Application
Publication Nos. 2010/0222561, 2009/0124003, 2009/
0092997; each herein incorporated by reference in its
entirety) so as to provide enhanced OR activation. In some
embodiments, the polypeptide known to assist in cell surface
localization of odorant receptors is any variant or wild type
form of REEP and/or RTP. In some embodiments the
polypeptide known to assist in cell surface localization of
odorant receptors is any variant or wild type form of RTP1. In
some embodiments the polypeptide known to assist in cell
surface localization of odorant receptors is an RTPI1S
polypeptide.

In some embodiments, cell lines (e.g., heterologous 293T
cell lines, Hana3 A cell lines) are provided comprising coex-
pression of an odorant receptor (e.g., human odorant receptor,
murine odorant receptor, synthetic odorant receptor) local-
ized to the cell surface, M3, and an M3 agonist (e.g., acetyl-
choline, bethanechol, carbachol, oxotremorine, L-689,660
(e.g., a mixed M1/M3 agonist), and pilocarpine) so as to
provide enhanced OR activation. In some embodiments, the
cells further express a polypeptide known to assist in cell
surface localization of odorant receptors (e.g., REEP
polypeptides, RTP polypeptides (see, e.g., U.S. Pat. Nos.
7,425,445, 7,838,288, 7,691,592; U.S. Patent Application
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Publication Nos. 2010/0222561, 2009/0124003, 2009/
0092997; each herein incorporated by reference in its
entirety). In some embodiments, the polypeptide known to
assist in cell surface localization of odorant receptors is any
variant or wild type form of REEP and/or RTP. In some
embodiments the polypeptide known to assist in cell surface
localization of odorant receptors is any variant or wild type
form of RTP1. In some embodiments the polypeptide known
to assist in cell surface localization of odorant receptors is an
RTPIS polypeptide.

In some embodiments, cell lines (e.g., heterologous 293T
cell lines, Hana3 A cell lines) are provided comprising coex-
pression of an odorant receptor (e.g., human odorant receptor,
murine odorant receptor, synthetic odorant receptor) local-
ized to the cell surface, M3, an M3 agonist, and a polypeptide
known to assist in cell surface localization of odorant recep-
tors (e.g., REEP polypeptides, RTP polypeptides (see, e.g.,
U.S. Pat. Nos. 7,425,445, 7,838,288, 7,691,592; U.S. Patent
Application Publication Nos. 2010/0222561, 2009/0124003,
2009/0092997; each herein incorporated by reference in its
entirety) (e.g., RTP1S) so as to provide enhanced OR activa-
tion. In some embodiments, the odorant receptor is tagged
with a reporting agent (e.g., glutathione-S-transterase (GST),
c-myc, 6-histidine (6x-His), green fluorescent protein (GFP),
maltose binding protein (MBP), influenza A virus haemag-
glutinin (HA), b-galactosidase, and GAL4). The cell lines are
not limited to particular odorant receptors. In some embodi-
ments, the odorant receptors expressed in the cell line include,
but are not limited to, OR-S6, Olfr62, OR-EG, S6/79, S18,
S46, S50, MOR23-1, MOR31-4, MOR31-6, MOR32-5 and
MOR32-11. In some embodiments, cell lines expressing
odorant receptors are used in the classification of an odorant
receptor’s functional expression (e.g., ligand specificity). In
even further embodiments, cell lines expressing odorant
receptors are used in the classification of an animal’s olfac-
tory sensation.

3. Purification of Muscarinic Acetylcholine Receptor (e.g.,
M1, M2, M3, M4, M5) Polypeptides

The present invention also provides methods for recover-
ing and purifying muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) polypeptides from recombinant cell
cultures including, but not limited to, ammonium sulfate or
ethanol precipitation, acid extraction, anion or cation
exchange chromatography, phosphocellulose chromatogra-
phy, hydrophobic interaction chromatography, affinity chro-
matography, hydroxylapatite chromatography and lectin
chromatography. In other embodiments of the present inven-
tion, protein-refolding steps can be used as necessary, in
completing configuration of the mature protein. In still other
embodiments of the present invention, high performance lig-
uid chromatography (HPLC) can be employed for final puri-
fication steps.

The present invention further provides polynucleotides
having a coding sequence of a muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) gene (e.g., SEQ ID
NOs: 1-5) fused in frame to a marker sequence that allows for
purification of the polypeptide of the present invention. A
non-limiting example of a marker sequence is a hexahistidine
tag which may be supplied by a vector, preferably a pQE-9
vector, which provides for purification of the polypeptide
fused to the marker in the case of a bacterial host, or, for
example, the marker sequence may be a hemagglutinin (HA)
tag when a mammalian host (e.g., COS-7 cells) is used. The
HA tag corresponds to an epitope derived from the influenza
hemagglutinin protein (Wilson et al., Cell, 37:767 [1984]).
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4. Truncation Mutants of Muscarinic Acetylcholine Recep-
tor (e.g., M1, M2, M3, M4, M5) Polypeptides

In addition, the present invention provides fragments of
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptides (i.e., truncation mutants). In some embodi-
ments of the present invention, when expression of a portion
of the muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS5) protein is desired, it may be necessary to add a start
codon (ATG) to the oligonucleotide fragment containing the
desired sequence to be expressed. It is well known in the art
that a methionine at the N-terminal position can be enzymati-
cally cleaved by the use ofthe enzyme methionine aminopep-
tidase (MAP). MAP has been cloned from F. coli (Ben-
Bassat et al., J. Bacteriol., 169:751 [1987]) and Salmonella
typhimurium and its in vitro activity has been demonstrated
on recombinant proteins (Miller et al., Proc. Natl. Acad. Sci.
USA 84:2718 [1990]). Therefore, removal of an N-terminal
methionine, if desired, can be achieved either in vivo by
expressing such recombinant polypeptides in a host which
produces MAP (e.g., E. coli or CM89 or S. cerivisiae), or in
vitro by use of purified MAP.

5. Fusion Proteins Containing Muscarinic Acetylcholine
Receptor (e.g., M1, M2, M3, M4, M5)

The present invention also provides fusion proteins incor-
porating all or part of the muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) polypeptides of the present
invention. Accordingly, in some embodiments of the present
invention, the coding sequences for the polypeptide can be
incorporated as a part of a fusion gene including a nucleotide
sequence encoding a different polypeptide. It is contemplated
that this type of expression system will find use under condi-
tions where it is desirable to produce an immunogenic frag-
ment of a muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) protein. In some embodiments of the present
invention, the VP6 capsid protein of rotavirus is used as an
immunologic carrier protein for portions of a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) polypep-
tide, either in the monomeric form or in the form of a viral
particle. In other embodiments of the present invention, the
nucleic acid sequences corresponding to the portion of a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptide against which antibodies are to be raised can
be incorporated into a fusion gene construct which includes
coding sequences for a late vaccinia virus structural protein to
produce a set of recombinant viruses expressing fusion pro-
teins comprising a portion of muscarinic acetylcholine recep-
tor (e.g., M1, M2, M3, M4, M5) as part of the virion. It has
been demonstrated with the use of immunogenic fusion pro-
teins utilizing the hepatitis B surface antigen fusion proteins
that recombinant hepatitis B virions can be utilized in this role
as well. Similarly, in other embodiments of the present inven-
tion, chimeric constructs coding for fusion proteins contain-
ing a portion of a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) polypeptide and the poliovirus capsid
protein are created to enhance immunogenicity of the set of
polypeptide antigens (See e.g., EP Publication No. 025949;
and Evans et al., Nature 339:385 [1989]; Huang et al., J.
Virol., 62:3855 [1988]; and Schlienger et al., J. Virol., 66:2
[1992]).

In still other embodiments of the present invention, the
multiple antigen peptide system for peptide-based immuni-
zation can be utilized. In this system, a desired portion of a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) is obtained directly from organo-chemical synthesis of
the peptide onto an oligomeric branching lysine core (see e.g.,
Posnett et al., J. Biol. Chem., 263:1719 [1988]; and Nardelli
etal., J. Immunol., 148:914 [1992]). In other embodiments of
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the present invention, antigenic determinants of the muscar-
inic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
proteins can also be expressed and presented by bacterial
cells.

In addition to utilizing fusion proteins to enhance immu-
nogenicity, it is widely appreciated that fusion proteins can
also facilitate the expression of proteins, such as a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) protein of
the present invention. Accordingly, in some embodiments of
the present invention, muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) polypeptides can be generated as
glutathione-S-transferase (i.e., GST fusion proteins). It is
contemplated that such GST fusion proteins will enable easy
purification of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) polypeptides, such as by the use of glu-
tathione-derivatized matrices (See e.g., Ausabel et al. (eds.),
Current Protocols in Molecular Biology, John Wiley & Sons,
NY [1991]). In another embodiment of the present invention,
a fusion gene coding for a purification leader sequence, such
as a poly-(His)/enterokinase cleavage site sequence at the
N-terminus of the desired portion of a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) polypeptide, can
allow purification of the expressed muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) fusion protein by affin-
ity chromatography using a Ni** metal resin. In still another
embodiment of the present invention, the purification leader
sequence can then be subsequently removed by treatment
with enterokinase (See e.g., Hochuli et al., J. Chromatogr.,
411:177 [1987]; and Janknecht et al., Proc. Natl. Acad. Sci.
USA 88:8972).

Techniques for making fusion genes are well known.
Essentially, the joining of various DNA fragments coding for
different polypeptide sequences is performed in accordance
with conventional techniques, employing blunt-ended or
stagger-ended termini for ligation, restriction enzyme diges-
tion to provide for appropriate termini, filling-in of cohesive
ends as appropriate, alkaline phosphatase treatment to avoid
undesirable joining, and enzymatic ligation. In another
embodiment of the present invention, the fusion gene can be
synthesized by conventional techniques including automated
DNA synthesizers. Alternatively, in other embodiments of the
present invention, PCR amplification of gene fragments can
be carried out using anchor primers which give rise to
complementary overhangs between two consecutive gene
fragments which can subsequently be annealed to generate a
chimeric gene sequence (See e.g., Current Protocols in
Molecular Biology, supra).

6. Variants of Muscarinic Acetylcholine Receptors (e.g.,
M1, M2, M3, M4, M5)

Still other embodiments of the present invention provide
mutant or variant forms of muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) polypeptides (i.e., muteins). It is
possible to modify the structure of a peptide having an activ-
ity of a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) polypeptide of the present invention for such pur-
poses as enhancing therapeutic or prophylactic efficacy, dis-
abling the protein, or stability (e.g., ex vivo shelf life, and/or
resistance to proteolytic degradation in vivo). Such modified
peptides are considered functional equivalents of peptides
having an activity of the subject muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) proteins as defined
herein. A modified peptide can be produced in which the
amino acid sequence has been altered, such as by amino acid
substitution, deletion, or addition.

Moreover, as described above, variant forms (e.g., mutants
or polymorphic sequences) of the subject muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) proteins are
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also contemplated as being equivalent to those peptides and
DNA molecules that are set forth in more detail. For example,
as described above, the present invention encompasses
mutant and variant proteins that contain conservative or non-
conservative amino acid substitutions.

This invention further contemplates a method of generat-
ing sets of combinatorial mutants of the present muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) proteins,
as well as truncation mutants, and is especially useful for
identifying potential variant sequences (i.e., mutants or poly-
morphic sequences) that are involved in neurological disor-
ders (e.g., olfactory disorders) or resistance to neurological
disorders. The purpose of screening such combinatorial
libraries is to generate, for example, novel muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) variants that
can act as either agonists or antagonists, or alternatively,
possess novel activities all together.

Therefore, in some embodiments of the present invention,
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) variants are engineered by the present method to provide
altered (e.g., increased or decreased) biological activity. In
other embodiments of the present invention, combinatorially-
derived variants are generated which have a selective potency
relative to a naturally occurring muscarinic acetylcholine
receptors (e.g., M1, M2, M3, M4, M5). Such proteins, when
expressed from recombinant DNA constructs, can be used in
gene therapy protocols.

Still other embodiments of the present invention provide
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) variants that have intracellular half-lives dramatically
different than the corresponding wild-type protein. For
example, the altered protein can be rendered either more
stable or less stable to proteolytic degradation or other cellu-
larprocess that result in destruction of, or otherwise inactivate
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptides. Such variants, and the genes which encode
them, can be utilized to alter the location of muscarinic ace-
tylcholine receptor (e.g., M1, M2, M3, M4, M5) expression
by modulating the half-life of the protein. For instance, a short
half-life can give rise to more transient muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) biological effects
and, when part of an inducible expression system, can allow
tighter control of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) levels within the cell. As above, such
proteins, and particularly their recombinant nucleic acid con-
structs, can be used in gene therapy protocols.

In still other embodiments of the present invention, mus-
carinic acetylcholine receptor (e.g., M1; M2, M3, M4, M5)
variants are generated by the combinatorial approach to act as
antagonists, in that they are able to interfere with the ability of
the corresponding wild-type protein to regulate cell function.

In some embodiments of the combinatorial mutagenesis
approach of the present invention, the amino acid sequences
for a population of muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) homologs, variants or other related
proteins are aligned, preferably to promote the highest
homology possible. Such a population of variants can
include, for example, muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) homologs from one or more species,
or muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) variants from the same species but which differ due to
mutation or polymorphisms. Amino acids that appear at each
position of the aligned sequences are selected to create a
degenerate set of combinatorial sequences.

In a preferred embodiment of the present invention, the
combinatorial muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) library is produced by way of a degenerate
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library of genes encoding a library of polypeptides which
each include at least a portion of potential muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, MS5) protein
sequences. For example, a mixture of synthetic oligonucle-
otides can be enzymatically ligated into gene sequences such
that the degenerate set of potential muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) sequences are express-
ible as individual polypeptides, or alternatively, as a set of
larger fusion proteins (e.g., for phage display) containing the
set of muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) sequences therein.

There are many ways by which the library of potential
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) homologs and variants can be generated from a degen-
erate oligonucleotide sequence. In some embodiments,
chemical synthesis of a degenerate gene sequence is carried
out in an automatic DNA synthesizer, and the synthetic genes
are ligated into an appropriate gene for expression. The pur-
pose of a degenerate set of genes is to provide, in one mixture,
all of the sequences encoding the desired set of potential
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) sequences. The synthesis of degenerate oligonucleotides
is well known in the art (See e.g., Narang, Tetrahedron Lett.,
39:39 [1983]; Itakura et al., Recombinant DNA, in Walton
(ed.), Proceedings of the 3rd Cleveland Symposium on Mac-
romolecules, Elsevier, Amsterdam, pp 273-289 [1981];
Itakura et al., Annu. Rev. Biochem., 53:323 [1984]; Itakura et
al., Science 198:1056 [1984]; Ike et al., Nucl. Acid Res.,
11:477 [1983]). Such techniques have been employed in the
directed evolution of other proteins (See e.g., Scott et al.,
Science 249:386 [1980]; Roberts et al., Proc. Natl. Acad. Sci.
USA 89:2429 [1992]; Devlin et al., Science 249: 404 [1990];
Cwirla et al., Proc. Natl. Acad. Sci. USA 87: 6378 [1990];
each of which is herein incorporated by reference; as well as
U.S. Pat. Nos. 5,223,409, 5,198,346, and 5,096,815; each of
which is incorporated herein by reference).

It is contemplated that the muscarinic acetylcholine recep-
tor (e.g., M1, M2, M3, M4, M5) nucleic acids of the present
invention (e.g., SEQ ID NOs:1-5, and fragments and variants
thereof) can be utilized as starting nucleic acids for directed
evolution. These techniques can be utilized to develop mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
variants having desirable properties such as increased or
decreased biological activity.

In some embodiments, artificial evolution is performed by
random mutagenesis (e.g., by utilizing error-prone PCR to
introduce random mutations into a given coding sequence).
This method requires that the frequency of mutation be finely
tuned. As a general rule, beneficial mutations are rare, while
deleterious mutations are common. This is because the com-
bination of a deleterious mutation and a beneficial mutation
often results in an inactive enzyme. The ideal number of base
substitutions for targeted gene is usually between 1.5 and 5
(Moore and Arnold, Nat. Biotech., 14, 458 [1996]; Leung et
al., Technique, 1:11 [1989]; Eckert and Kunkel, PCR Meth-
ods Appl., 1:17-24 [1991]; Caldwell and Joyce, PCR Meth-
ods Appl., 2:28 [1992]; and Zhao and Arnold, Nuc. Acids.
Res., 25:1307 [1997]). After mutagenesis, the resulting
clones are selected for desirable activity (e.g., screened for
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) activity). Successive rounds of mutagenesis and selec-
tion are often necessary to develop enzymes with desirable
properties. It should be noted that only the useful mutations
are carried over to the next round of mutagenesis.

In other embodiments of the present invention, the poly-
nucleotides of the present invention are used in gene shuffling
or sexual PCR procedures (e.g., Smith, Nature, 370:324
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[1994]; U.S. Pat. Nos. 5,837,458; 5,830,721; 5,811,238,
5,733,731, all of which are herein incorporated by reference).
Gene shuffling involves random fragmentation of several
mutant DNAs followed by their reassembly by PCR into full
length molecules. Examples of various gene shuffling proce-
dures include, but are not limited to, assembly following
DNase treatment, the staggered extension process (STEP),
and random priming in vitro recombination. In the DNase
mediated method, DNA segments isolated from a pool of
positive mutants are cleaved into random fragments with
DNasel and subjected to multiple rounds of PCR with no
added primer. The lengths of random fragments approach that
of the uncleaved segment as the PCR cycles proceed, result-
ing in mutations in present in different clones becoming
mixed and accumulating in some of the resulting sequences.
Multiple cycles of selection and shuffling have led to the
functional enhancement of several enzymes (Stemmer,
Nature, 370:398 [1994]; Stemmer, Proc. Natl. Acad. Sci.
USA, 91:10747 [1994]; Crameri et al., Nat. Biotech., 14:315
[1996]; Zhang et al., Proc. Natl. Acad. Sci. USA, 94:4504
[1997]; and Crameri et al., Nat. Biotech., 15:436 [1997]).
Variants produced by directed evolution can be screened for
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS) activity by the methods described herein.

A wide range of techniques are known in the art for screen-
ing gene products of combinatorial libraries made by point
mutations, and for screening cDNA libraries for gene prod-
ucts having a certain property. Such techniques will be gen-
erally adaptable for rapid screening of the gene libraries gen-
erated by the combinatorial mutagenesis or recombination of
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) homologs or variants. The most widely used techniques
for screening large gene libraries typically comprises cloning
the gene library into replicable expression vectors, transform-
ing appropriate cells with the resulting library of vectors, and
expressing the combinatorial genes under conditions in
which detection of a desired activity facilitates relatively easy
isolation of the vector encoding the gene whose product was
detected.

7. Chemical Synthesis of Muscarinic Acetylcholine
Receptor (e.g., M1, M2, M3, M4, M5) Polypeptides

In an alternate embodiment of the invention, the coding
sequence of a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) is synthesized, whole or in part, using
chemical methods well known in the art (See e.g., Caruthers
et al., Nucl. Acids Res. Symp. Ser., 7:215 [1980]; Crea and
Horn, Nucl. Acids Res., 9:2331 [1980]; Matteucci and Caru-
thers, Tetrahedron Lett., 21:719 [1980]; and Chow and
Kempe, Nucl. Acids Res., 9:2807 [1981]). In other embodi-
ments of the present invention, the protein itself is produced
using chemical methods to synthesize either an entire mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
amino acid sequence or a portion thereof. For example, pep-
tides can be synthesized by solid phase techniques, cleaved
from the resin, and purified by preparative high performance
liquid chromatography (See e.g., Creighton, Proteins Struc-
tures And Molecular Principles, W H Freeman and Co, New
York N.Y. [1983]). In other embodiments of the present
invention, the composition of the synthetic peptides is con-
firmed by amino acid analysis or sequencing (See e.g.,
Creighton, supra).

Direct peptide synthesis can be performed using various
solid-phase techniques (Roberge et al., Science 269:202
[1995]) and automated synthesis may be achieved, for
example, using ABI 431A Peptide Synthesizer (Perkin
Elmer) in accordance with the instructions provided by the
manufacturer. Additionally, the amino acid sequence of a
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muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptide, or any part thereof, may be altered during
direct synthesis and/or combined using chemical methods
with other sequences to produce a variant polypeptide.

III. Detection of Muscarinic Acetylcholine Receptor (e.g.,
M1, M2, M3, M4, M5) Alleles

In some embodiments, the present invention provides
methods of detecting the presence of wild type or variant
(e.g., mutant or polymorphic) muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) nucleic acids or
polypeptides. The detection of mutant muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) polypeptides finds
use in the diagnosis of disease (e.g., olfactory disorder).

A. Detection of Variant Muscarinic Acetylcholine Receptor
(e.g., M1, M2, M3, M4, M5) Alleles

In some embodiments, the present invention provides alle-
les of a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) that increase a patient’s susceptibility to olfactory
disorders. Any mutation that results in an altered phenotype
(e.g., diminished olfactory sensing ability) is within the scope
of the present invention.

Accordingly, the present invention provides methods for
determining whether a patient has an increased susceptibility
to olfactory disorders by determining, directly or indirectly,
whether the individual has a variant muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) allele. In other embodi-
ments, the present invention provides methods for providing
a prognosis of increased risk for olfactory disorder to an
individual based on the presence or absence of one or more
variant muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) alleles.

A number of methods are available for analysis of variant
(e.g., mutant or polymorphic) nucleic acid or polypeptide
sequences. Assays for detection variants (e.g., polymor-
phisms or mutations) via nucleic acid analysis fall into several
categories including, but not limited to, direct sequencing
assays, fragment polymorphism assays, hybridization assays,
and computer based data analysis. Protocols and commer-
cially available kits or services for performing multiple varia-
tions of these assays are available. In some embodiments,
assays are performed in combination or in hybrid (e.g., dif-
ferent reagents or technologies from several assays are com-
bined to yield one assay). The following exemplary assays are
useful in the present invention: directs sequencing assays,
PCR assays, mutational analysis by dHPLC (e.g., available
from Transgenomic, Omaha, Nebr. or Varian, Palo Alto,
Calif.), fragment length polymorphism assays (e.g., RFLP or
CFLP (See e.g. U.S. Pat. Nos. 5,843,654, 5,843,669; 5,719,
208; and 5,888,780; each of which is herein incorporated by
reference)), hybridization assays (e.g., direct detection of
hybridization, detection of hybridization using DNA chip
assays (See e.g., U.S. Pat. Nos. 6,045,996; 5,925,525; 5,858,
659; 6,017,696; 6,068,818;6,051,380; 6,001,311; 5,985,551
5,474,796; PCT Publications WO 99/67641 and WO
00/39587, each of which is herein incorporated by reference),
enzymatic detection of hybridization (See e.g., U.S. Pat. Nos.
5,846,717, 6,090,543; 6,001,567, 5,985,557; 5,994,069,
5,962,233; 5,538,848; 5,952,174 and 5,919,626, each of
which is herein incorporated by reference)), polymorphisms
detected directly or indirectly (e.g., detecting sequences
(other polymorphisms) that are in linkage disequilibrium
with the polymorphism to be indentified; for example, other
sequences in the SPG-6 locus may be used; this method is
described in U.S. Pat. No. 5,612,179 (herein incorporated by
reference)) and mass spectrometry assays.

In addition, assays for the detection of variant muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) proteins
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find use in the present invention (e.g., cell free translation
methods, See e.g., U.S. Pat. No. 6,303,337, herein incorpo-
rated by reference) and antibody binding assays. The genera-
tion of antibodies that specifically recognize mutant versus
wild type proteins are discussed below.

B. Kits for Analyzing Risk of Olfactory Disorders

The present invention also provides kits for determining
whether an individual contains a wild-type or variant (e.g.,
mutant or polymorphic) allele or polypeptide of a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5). In some
embodiments, the kits are useful determining whether the
subject is at risk of developing an olfactory disorder (e.g.,
anosmia, hyposmia, dysomia, phantosmia, hyperosmia,
olfactory agnosia, upper respiratory infections, tumors of the
anterior cranial fossa, and Kallmann syndrome, Foster
Kennedy syndrome, Parkinson’s disease, Alzheimer’s dis-
ease, Huntington chorea). The diagnostic kits are produced in
a variety of ways. In some embodiments, the kits contain at
least one reagent for specifically detecting a mutant muscar-
inic acetylcholinereceptor (e.g., M1, M2, M3, M4, M5) allele
or protein. In some embodiments, the reagent is a nucleic acid
that hybridizes to nucleic acids containing the mutation and
that does not bind to nucleic acids that do not contain the
mutation. In other embodiments, the reagents are primers for
amplifying the region of DNA containing the mutation. In
still other embodiments, the reagents are antibodies that pref-
erentially bind either the wild-type or mutant muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) proteins.

In some embodiments, the kit contains instructions for
determining whether the subject is at risk for an olfactory
disorder (e.g., anosmia, hyposmia, dysomia, phantosmia,
hyperosmia, olfactory agnosia, upper respiratory infections,
tumors of the anterior cranial fossa, and Kallmann syndrome,
Foster Kennedy syndrome, Parkinson’s disease, Alzheimer’s
disease, Huntington chorea). In some embodiments, the
instructions specify that risk for developing an olfactory dis-
order is determined by detecting the presence or absence of a
mutant muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) allele in the subject, wherein subjects having an
mutant allele are at greater risk for developing an olfactory
disorder.

The presence or absence of a disease-associated mutation
in a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS5) gene can be used to make therapeutic or other
medical decisions. For example, couples with a family history
of'odorant receptor related diseases may choose to conceive a
child via in vitro fertilization and pre-implantation genetic
screening. In this case, fertilized embryos are screened for
mutant (e.g., disease associated) alleles of a muscarinic ace-
tylcholine receptor (e.g., M1, M2, M3, M4, M5) gene and
only embryos with wild type alleles are implanted in the
uterus.

In other embodiments, in utero screening is performed on
a developing fetus (e.g., amniocentesis or chorionic villi
screening). In still other embodiments, genetic screening of
newborn babies or very young children is performed. The
early detection of a muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) allele known to be associated with an
olfactory disorder allows for early intervention (e.g., genetic
or pharmaceutical therapies).

In some embodiments, the kits include ancillary reagents
such as buffering agents, nucleic acid stabilizing reagents,
protein stabilizing reagents, and signal producing systems
(e.g., florescence generating systems as Fret systems). The
test kit may be packaged in any suitable manner, typically
with the elements in a single container or various containers
as necessary along with a sheet of instructions for carrying out
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the test. In some embodiments, the kits also preferably
include a positive control sample.
C. Bioinformatics

In some embodiments, the present invention provides
methods of determining an individual’s risk of developing an
olfactory disorder (e.g., anosmia, hyposmia, dysomia, phan-
tosmia, hyperosmia, olfactory agnosia, upper respiratory
infections, tumors of the anterior cranial fossa, and Kallmann
syndrome, Foster Kennedy syndrome, Parkinson’s disease,
Alzheimer’s disease, Huntington chorea) based on the pres-
ence of one or more variant alleles of a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) gene. In some
embodiments, the analysis of variant data is processed by a
computer using information stored on a computer (e.g., in a
database). For example, in some embodiments, the present
invention provides a bioinformatics research system compris-
ing a plurality of computers running a multi-platform object
oriented programming language (See e.g., U.S. Pat. No.
6,125,383; herein incorporated by reference). In some
embodiments, one of the computers stores genetics data (e.g.,
the risk of contacting an muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) related olfactory disorder asso-
ciated with a given polymorphism, as well as the sequences).
In some embodiments, one of the computers stores applica-
tion programs (e.g., for analyzing the results of detection
assays). Results are then delivered to the user (e.g., via one of
the computers or via the interne).

For example, in some embodiments, a computer-based
analysis program is used to translate the raw data generated
by the detection assay (e.g., the presence, absence, or amount
of a given muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) allele or polypeptide) into data of predictive
value for a clinician. The clinician can access the predictive
data using any suitable means. Thus, in some embodiments,
the present invention provides the further benefit that the
clinician, who is not likely to be trained in genetics or molecu-
lar biology, need not understand the raw data. The data is
presented directly to the clinician in its most useful form. The
clinician is then able to immediately utilize the information in
order to optimize the care of the subject.

The present invention contemplates any method capable of
receiving, processing, and transmitting the information to and
from laboratories conducting the assays, information provid-
ers, medical personal, and subjects. For example, in some
embodiments of the present invention, a sample (e.g., a
biopsy or a serum or urine sample) is obtained from a subject
and submitted to a profiling service (e.g., clinical lab at a
medical facility, genomic profiling business, etc.), located in
any part of the world (e.g., in a country different than the
country where the subject resides or where the information is
ultimately used) to generate raw data. Where the sample
comprises a tissue or other biological sample, the subject may
visit a medical center to have the sample obtained and sent to
the profiling center, or subjects may collect the sample them-
selves (e.g., aurine sample) and directly send it to a profiling
center. Where the sample comprises previously determined
biological information, the information may be directly sent
to the profiling service by the subject (e.g., an information
card containing the information may be scanned by a com-
puter and the data transmitted to a computer of the profiling
center using an electronic communication systems). Once
received by the profiling service, the sample is processed and
a profile is produced (i.e., presence of wild type or mutant
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) genes or polypeptides), specific for the diagnostic or
prognostic information desired for the subject.
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The profile data is then prepared in a format suitable for
interpretation by a treating clinician. For example, rather than
providing raw data, the prepared format may represent a
diagnosis or risk assessment (e.g., likelihood of developing
an muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) related olfactory disorder) for the subject, along with
recommendations for particular treatment options. The data
may be displayed to the clinician by any suitable method. For
example, in some embodiments, the profiling service gener-
ates a report that can be printed for the clinician (e.g., at the
point of care) or displayed to the clinician on a computer
monitor.

In some embodiments, the information is first analyzed at
the point of care or at a regional facility. The raw data is then
sent to a central processing facility for further analysis and/or
to convert the raw data to information useful for a clinician or
patient. The central processing facility provides the advan-
tage of privacy (all data is stored in a central facility with
uniform security protocols), speed, and uniformity of data
analysis. The central processing facility can then control the
fate of the data following treatment of the subject. For
example, using an electronic communication system, the cen-
tral facility can provide data to the clinician, the subject, or
researchers.

In some embodiments, the subject is able to directly access
the data using the electronic communication system. The
subject may chose further intervention or counseling based
on the results. In some embodiments, the data is used for
research use. For example, the data may be used to further
optimize the association of a given muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) allele with olfactory
disorders.

IV. Generation of Muscarinic Acetylcholine Receptor (e.g.,
M1, M2, M3, M4, M5) Antibodies

The present invention provides isolated antibodies or anti-
body fragments (e.g., FAB fragments). Antibodies can be
generated to allow for the detection of muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) proteins (e.g., wild
type or mutant) of the present invention. The antibodies may
be prepared using various immunogens. In one embodiment,
the immunogen is a human muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) peptide to generate antibodies
that recognize human a muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5). Such antibodies include, but are
not limited to polyclonal, monoclonal, chimeric, single chain,
Fab fragments, Fab expression libraries, or recombinant (e.g.,
chimeric, humanized, etc.) antibodies, as long as it can rec-
ognize the protein. Antibodies can be produced by using a
protein of the present invention as the antigen according to a
conventional antibody or antiserum preparation process.

Various procedures known in the art may be used for the
production of polyclonal antibodies directed against a mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
polypeptide. For the production of antibody, various host
animals can be immunized by injection with the peptide cor-
responding to the muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) epitope including but not limited to
rabbits, mice, rats, sheep, goats, etc. In a preferred embodi-
ment, the peptide is conjugated to an immunogenic carrier
(e.g., diphtheria toxoid, bovine serum albumin (BSA), or
keyhole limpet hemocyanin (KLH)). Various adjuvants may
be used to increase the immunological response, depending
on the host species, including but not limited to Freund’s
(complete and incomplete), mineral gels (e.g., aluminum
hydroxide), surface active substances (e.g., lysolecithin, plu-
ronic polyols, polyanions, peptides, oil emulsions, keyhole
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limpet hemocyanins, dinitrophenol, and potentially useful
human adjuvants such as BCG (Bacille Calmette-Guerin) and
Corynebacterium parvum).

For preparation of monoclonal antibodies directed toward
a muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5), it is contemplated that any technique that provides for
the production of antibody molecules by continuous cell lines
in culture will find use with the present invention (See e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.).
These include but are not limited to the hybridoma technique
originally developed by Koéhler and Milstein (Kohler and
Milstein, Nature 256:495-497 [1975]), as well as the trioma
technique, the human B-cell hybridoma technique (See e.g.,
Kozbor et al., Immunol. Tod., 4:72 [1983]), and the EBV-
hybridoma technique to produce human monoclonal antibod-
ies (Cole et al., in Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc., pp. 77-96 [1985]).

In an additional embodiment of the invention, monoclonal
antibodies are produced in germ-free animals utilizing tech-
nology such as that described in PCT/US90/02545). Further-
more, it is contemplated that human antibodies will be gen-
erated by human hybridomas (Cote et al., Proc. Natl. Acad.
Sci. USA 80:2026-2030 [1983]) or by transforming human B
cells with EBV virus in vitro (Cole et al., in Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, pp. 77-96
[1985]).

In addition, itis contemplated that techniques described for
the production of single chain antibodies (U.S. Pat. No. 4,946,
778; herein incorporated by reference) will find use in pro-
ducing muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) specific single chain antibodies. An additional
embodiment of the invention utilizes the techniques
described for the construction of Fab expression libraries
(Huse et al., Science 246:1275-1281 [1989]) to allow rapid
and easy identification of monoclonal Fab fragments with the
desired specificity for a muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) polypeptide.

In other embodiments, the present invention contemplated
recombinant antibodies or fragments thereof to the proteins
of'the present invention. Recombinant antibodies include, but
are not limited to, humanized and chimeric antibodies. Meth-
ods for generating recombinant antibodies are known in the
art (See e.g., U.S. Pat. Nos. 6,180,370 and 6,277,969 and
“Monoclonal Antibodies” H. Zola, BIOS Scientific Publish-
ers Limited 2000. Springer-Verlay New York, Inc., New York;
each of which is herein incorporated by reference).

It is contemplated that any technique suitable for produc-
ing antibody fragments will find use in generating antibody
fragments that contain the idiotype (antigen binding region)
of the antibody molecule. For example, such fragments
include but are not limited to: F(ab')2 fragment that can be
produced by pepsin digestion of the antibody molecule; Fab'
fragments that can be generated by reducing the disulfide
bridges ofthe F(ab')2 fragment, and Fab fragments that can be
generated by treating the antibody molecule with papain and
a reducing agent.

In the production of antibodies, it is contemplated that
screening for the desired antibody will be accomplished by
techniques known in the art (e.g., radioimmunoassay, ELISA
(enzyme-linked immunosorbant assay), “sandwich” immu-
noassays, immunoradiometric assays, gel diffusion precipi-
tation reactions, immudiffusion assays, in situ immunoassays
(e.g., using colloidal gold, enzyme or radioisotope labels),
Western blots, precipitation reactions, agglutination assays
(e.g., gel agglutination assays, hemagglutination assays,
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etc.), complement fixation assays, immunofluorescence
assays, protein A assays, and immunoelectrophoresis assays,
etc.

Inone embodiment, antibody binding is detected by detect-
ing a label on the primary antibody. In another embodiment,
the primary antibody is detected by detecting binding of a
secondary antibody or reagent to the primary antibody. In a
further embodiment, the secondary antibody is labeled. Many
means are known in the art for detecting binding in an immu-
noassay and are within the scope of the present invention. As
is well known in the art, the immunogenic peptide should be
provided free of the carrier molecule used in any immuniza-
tion protocol. For example, if the peptide was conjugated to
KLH, it may be conjugated to BSA, or used directly, in a
screening assay.)

The foregoing antibodies can be used in methods known in
the art relating to the localization and structure of a muscar-
inic acetylcholine receptor (e.g., M1, M2, M3, M4, M5) (e.g.,
for Western blotting), measuring levels thereof in appropriate
biological samples, etc. The antibodies can be used to detect
a muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
M5) in a biological sample from an individual. The biological
sample can be a biological fluid, such as, but not limited to,
blood, serum, plasma, interstitial fluid, urine, cerebrospinal
fluid, and the like, containing cells.

The biological samples can then be tested directly for the
presence of a human muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) using an appropriate strategy (e.g.,
ELISA or radioimmunoassay) and format (e.g., microwells,
dipstick (e.g., as described in International Patent Publication
WO 93/03367), etc. Alternatively, proteins in the sample can
be size separated (e.g., by polyacrylamide gel electrophoresis
(PAGE), in the presence or not of sodium dodecyl sulfate
(SDS), and the presence of a muscarinic acetylcholine recep-
tor (e.g., M1, M2, M3, M4, M5) detected by immunoblotting
(Western blotting). Immunoblotting techniques are generally
more effective with antibodies generated against a peptide
corresponding to an epitope of a protein, and hence, are
particularly suited to the present invention.

Another method uses antibodies as agents to alter signal
transduction. Specific antibodies that bind to the binding
domains of a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) or other proteins involved in intracellular
signaling can be used to inhibit the interaction between the
various proteins and their interaction with other ligands. Anti-
bodies that bind to the complex can also be used therapeuti-
cally to inhibit interactions of the protein complex in the
signal transduction pathways leading to the various physi-
ological and cellular effects of a muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5). Such antibodies can
also be used diagnostically to measure abnormal expression
of' a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS), or the aberrant formation of protein complexes,
which may be indicative of a disease state.

V. Gene Therapy Using Muscarinic Acetylcholine Receptors
(e.g., M1, M2, M3, M4, M5)

The present invention also provides methods and compo-
sitions suitable for gene therapy to alter muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) expression,
production, or function for research, generation of transgenic
animals, and/or therapeutic applications. In some embodi-
ments, methods and compositions are provided suitable for
gene therapy to additionally alter REEP and/or RTP (e.g.,
RTPI1S) expression. As described above, the present inven-
tion provides human muscarinic acetylcholine receptors
(e.g., M1, M2, M3, M4, M5) and/or REEP and/or RTP (e.g.,
RTP1) genes and provides methods of obtaining muscarinic
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acetylcholine receptor (e.g., M1, M2, M3, M4, M5) and/or
REEP and/or RTP (e.g., RTP1) genes from other species.
Thus, the methods described below are generally applicable
across many species. In some embodiments, it is contem-
plated that the gene therapy is performed by providing a
subject with a wild-type allele of a muscarinic, acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) and/or REEP and/or
RTP (e.g., RTP1S) gene (i.e., an allele that does not contain a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) and/or REEP and/or RTP (e.g., RTP1S) disease allele
(e.g., free of disease causing polymorphisms or mutations)).
Subjects in need of such therapy are identified by the methods
described above. In some embodiments, transient or stable
therapeutic nucleic acids are used (e.g., antisense oligonucle-
otides, siRNAs) to reduce or prevent expression of mutant
proteins. In other embodiments, genes are deleted to reduce
or block desired olfactory senses.

Viral vectors commonly used for in vivo or ex vivo target-
ing and therapy procedures are DNA-based vectors and ret-
roviral vectors. Methods for constructing and using viral vec-
tors are known in the art (See e.g., Miller and Rosman,
BioTech., 7:980-990 [1992]). Preferably, the viral vectors are
replication defective, that is, they are unable to replicate
autonomously in the target cell. In general, the genome of the
replication defective viral vectors that are used within the
scope of the present invention lack at least one region that is
necessary for the replication of the virus in the infected cell.
These regions can either be eliminated (in whole or in part), or
be rendered non-functional by any technique known to a
person skilled in the art. These techniques include the total
removal, substitution (by other sequences, in particular by the
inserted nucleic acid), partial deletion or addition of one or
more bases to an essential (for replication) region. Such tech-
niques may be performed in vitro (i.e., on the isolated DNA)
or in situ, using the techniques of genetic manipulation or by
treatment with mutagenic agents.

Preferably, the replication defective virus retains the
sequences of its genome that are necessary for encapsidating
the viral particles. DNA viral vectors include an attenuated or
defective DNA viruses, including, but not limited to, herpes
simplex virus (HSV), papillomavirus, Epstein Barr virus
(EBV), adenovirus, adeno-associated virus (AAV), and the
like. Defective viruses, that entirely or almost entirely lack
viral genes, are preferred, as defective virus is not infective
after introduction into a cell. Use of defective viral vectors
allows for administration to cells in a specific, localized area,
without concern that the vector can infect other cells. Thus, a
specific tissue can be specifically targeted. Examples of par-
ticular vectors include, but are not limited to, a defective
herpes virus 1 (HSV1) vector (Kaplitt et al., Mol. Cell. Neu-
rosci., 2:320-330[1991]), defective herpes virus vector lack-
ing a glycoprotein L. gene (See e.g., Patent Publication RD
371005 A), or other defective herpes virus vectors (See e.g.,
WO 94/21807; and WO 92/05263); an attenuated adenovirus
vector, such as the vector described by Stratford-Perricaudet
etal. (J. Clin. Invest., 90:626-630[1992]; See also, L.a Salle et
al., Science 259:988-990 [1993]); and a defective adeno-
associated virus vector (Samulski et al., J. Virol., 61:3096-
3101 [1987]; Samulski et al., J. Virol., 63:3822-3828 [1989];
and Lebkowski et al., Mol. Cell. Biol., 8:3988-3996 [1988]).

Preferably, for in vivo administration, an appropriate
immunosuppressive treatment is employed in conjunction
with the viral vector (e.g., adenovirus vector), to avoid
immuno-deactivation of the viral vector and transfected cells.
For example, immunosuppressive cytokines, such as interleu-
kin-12 (IL-12), interferon-gamma (IFN-y), or anti-CD4 anti-
body, can be administered to block humoral or cellular
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immune responses to the viral vectors. In addition, it is advan-
tageous to employ a viral vector that is engineered to express
a minimal number of antigens.

In a preferred embodiment, the vector is an adenovirus
vector. Adenoviruses are eukaryotic DNA viruses that can be
modified to efficiently deliver a nucleic acid of the invention
to a variety of cell types. Various serotypes of adenovirus
exist. Of these serotypes, preference is given, within the scope
of the present invention, to type 2 or type 5 human adenovi-
ruses (Ad 2 or Ad 5), or adenoviruses of animal origin (See
e.g., WO 94/26914). Those adenoviruses of animal origin that
can be used within the scope of the present invention include
adenoviruses of canine, bovine, murine (e.g., Mav1, Beard et
al., Virol., 75-81 [1990]), ovine, porcine, avian, and simian
(e.g., SAV) origin. Preferably, the adenovirus of animal origin
is a canine adenovirus, more preferably a CAV2 adenovirus
(e.g. Manhattan or A26/61 strain (ATCC VR-800)).

Preferably, the replication defective adenoviral vectors of
the invention comprise the ITRs, an encapsidation sequence
and the nucleic acid of interest. Still more preferably, at least
the E1 region of the adenoviral vector is non-functional. The
deletion in the E1 region preferably extends from nucleotides
455 10 3329 in the sequence of the AdS adenovirus (Pvull-
Bglll fragment) or 382 to 3446 (Hinfll-Sau3A fragment).
Other regions may also be modified, in particular the E3
region (e.g., WO 95/02697), the E2 region (e.g., WO
94/28938), the E4 region (e.g., WO 94/28152, WO 94/12649
and WO 95/02697), or in any of the late genes [.1-L.5.

In a preferred embodiment, the adenoviral vector has a
deletion in the E1 region (Ad 1.0). Examples of El-deleted
adenoviruses are disclosed in EP 185,573, the contents of
which are incorporated herein by reference. In another pre-
ferred embodiment, the adenoviral vector has a deletion in the
El and E4 regions (Ad 3.0). Examples of E1/E4-deleted
adenoviruses are disclosed in WO 95/02697 and WO
96/22378. In still another preferred embodiment, the aden-
oviral vector has a deletion in the E1 region into which the E4
region and the nucleic acid sequence are inserted.

The replication defective recombinant adenoviruses
according to the invention can be prepared by any technique
known to the person skilled in the art (See e.g., Levrero etal.,
Gene 101:195 [1991]; EP 185 573; and Graham, EMBO 1.,
3:2917 [1984]). In particular, they can be prepared by
homologous recombination between an adenovirus and a
plasmid that carries, inter alia, the DNA sequence of interest.
The homologous recombination is accomplished following
co-transfection of the adenovirus and plasmid into an appro-
priate cell line. The cell line that is employed should prefer-
ably (i) be transformable by the elements to be used, and (ii)
contain the sequences that are able to complement the part of
the genome of the replication defective adenovirus, prefer-
ably in integrated form in order to avoid the risks of recom-
bination. Examples of cell lines that may be used are the
human embryonic kidney cell line 293 (Graham et al., J. Gen.
Virol., 36:59 [1977]), which contains the left-hand portion of
the genome of an AdS adenovirus (12%) integrated into its
genome, and cell lines that are able to complement the E1 and
E4 functions, as described in applications WO 94/26914 and
WO 95/02697. Recombinant adenoviruses are recovered and
purified using standard molecular biological techniques that
are well known to one of ordinary skill in the art.

The adeno-associated viruses (AAV) are DNA viruses of
relatively small size that can integrate, in a stable and site-
specific manner, into the genome of the cells that they infect.
They are able to infect a wide spectrum of cells without
inducing any effects on cellular growth, morphology or dif-
ferentiation, and they do not appear to be involved in human
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pathologies. The AAV genome has been cloned, sequenced
and characterized. It encompasses approximately 4700 bases
and contains an inverted terminal repeat (ITR) region of
approximately 145 bases at each end, which serves as an
origin of replication for the virus. The remainder of the
genome is divided into two essential regions that carry the
encapsidation functions: the left-hand part of the genome,
that contains the rep gene involved in viral replication and
expression of the viral genes; and the right-hand part of the
genome, that contains the cap gene encoding the capsid pro-
teins of the virus.

The use of vectors derived from the AAVs for transferring
genes in vitro and in vivo has been described (See e.g., WO
91/18088; WO 93/09239; U.S. Pat. No. 4,797,368; U.S. Pat.
No. 5,139,941; and EP 488 528, all of which are herein
incorporated by reference). These publications describe vari-
ous AAV-derived constructs in which the rep and/or cap genes
are deleted and replaced by a gene of interest, and the use of
these constructs for transferring the gene of interest in vitro
(into cultured cells) or in vivo (directly into an organism). The
replication defective recombinant AAVs according to the
invention can be prepared by co-transfecting a plasmid con-
taining the nucleic acid sequence of interest flanked by two
AAV inverted terminal repeat (ITR) regions, and a plasmid
carrying the AAV encapsidation genes (rep and cap genes),
into a cell line that is infected with a human helper virus (for
example an adenovirus). The AAV recombinants that are
produced are then purified by standard techniques.

In another embodiment, the gene can be introduced in a
retroviral vector (e.g., as described in U.S. Pat. Nos. 5,399,
346, 4,650,764, 4,980,289 and 5,124,263, all of which are
herein incorporated by reference; Mann et al., Cell 33:153
[1983]; Markowitz et al., J. Virol., 62:1120 [1988]; PCT/
US95/14575; EP 453242; EP178220; Bernstein et al. Genet.
Eng., 7:235[1985]; McCormick, BioTechnol., 3:689 [1985];
WO 95/07358; and Kuo et al., Blood 82:845 [1993]). The
retroviruses are integrating viruses that infect dividing cells.
The retrovirus genome includes two LTRs, an encapsidation
sequence and three coding regions (gag, pol and env). In
recombinant retroviral vectors, the gag, pol and env genes are
generally deleted, in whole or in part, and replaced with a
heterologous nucleic acid sequence of interest. These vectors
can be constructed from different types of retrovirus, such as,
HIV, MoMuLV (“murine Moloney leukemia virus” MSV
(“murine Moloney sarcoma virus™), HaSV (“Harvey sarcoma
virus”); SNV (“spleen necrosis virus”); RSV (“Rous sarcoma
virus”) and Friend virus. Defective retroviral vectors are also
disclosed in WO 95/02697.

In general, in order to construct recombinant retroviruses
containing a nucleic acid sequence, a plasmid is constructed
that contains the LTRs, the encapsidation sequence and the
coding sequence. This construct is used to transfect a pack-
aging cell line, which cell line is able to supply in trans the
retroviral functions that are deficient in the plasmid. In gen-
eral, the packaging cell lines are thus able to express the gag,
pol and env genes. Such packaging cell lines have been
described in the prior art, in particular the cell line PA317
(U.S. Pat. No. 4,861,719, herein incorporated by reference),
the PsiCRIP cell line (See, W0O90/02806), and the GP+en-
vAm-12 cell line (See, WO89/07150). In addition, the recom-
binant retroviral vectors can contain modifications within the
LTRs for suppressing transcriptional activity as well as exten-
sive encapsidation sequences that may include a part of the
gag gene (Bender et al., J. Virol., 61:1639 [1987]). Recombi-
nant retroviral vectors are purified by standard techniques
known to those having ordinary skill in the art.
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Alternatively, the vector can be introduced in vivo by lipo-
fection. For the past decade, there has been increasing use of
liposomes for encapsulation and transfection of nucleic acids
in vitro. Synthetic cationic lipids designed to limit the diffi-
culties and dangers encountered with liposome mediated
transfection can be used to prepare Liposomes for in vivo
transfection of a gene encoding a marker (Feigner et. al., Proc.
Natl. Acad. Sci. USA 84:7413-7417 [1987]; See also,
Mackey, et al., Proc. Natl. Acad. Sci. USA 85:8027-8031
[1988]; Ulmeretal., Science 259:1745-1748 [1993]). The use
of cationic lipids may promote encapsulation of negatively
charged nucleic acids, and also promote fusion with nega-
tively charged cell membranes (Feigner and Ringold, Science
337:387-388 [1989]). Particularly useful lipid compounds
and compositions for transfer of nucleic acids are described in
WO95/18863 and WO96/17823, and in U.S. Pat. No. 5,459,
127, herein incorporated by reference.

Other molecules are also useful for facilitating transfection
of'a nucleic acid in vivo, such as a cationic oligopeptide (e.g.,
WO095/21931), peptides derived from DNA binding proteins
(e.g., WO96/25508), or a cationic polymer (e.g., WO95/
21931).

It is also possible to introduce the vector in vivo as a naked
DNA plasmid. Methods for formulating and administering
naked DNA to mammalian muscle tissue are disclosed in U.S.
Pat. Nos. 5,580,859 and 5,589,466, both of which are herein
incorporated by reference.

DNA vectors for gene therapy can be introduced into the
desired host cells by methods known in the art, including but
not limited to transfection, electroporation, microinjection,
transduction, cell fusion, DEAFE dextran, calcium phosphate
precipitation, use of a gene gun, or use of a DNA vector
transporter (See e.g., Wu et al., J. Biol. Chem., 267:963
[1992]; Wu and W, J. Biol. Chem., 263:14621 [1988]; and
Williams et al., Proc. Natl. Acad. Sci. USA 88:2726 [1991]).
Receptor-mediated DNA delivery approaches can also be
used (Curiel et al., Hum. Gene Ther., 3:147 [1992]; and Wu
and Wu, J. Biol. Chem., 262:4429 [1987]).

V1. Transgenic Animals Expressing Exogenous Muscarinic
Acetylcholine Receptor (e.g., M1, M2, M3, M4, M5) Genes
and Homologs, Mutants, and Variants Thereof

The present invention contemplates the generation of
transgenic animals comprising an exogenous muscarinic ace-
tylcholine receptor (e.g., M1, M2, M3, M4, MS5) gene or
homologs, mutants, or variants thereof. In some embodi-
ments, the transgenic animals further comprise an exogenous
REEP and/or RTP gene or homologs, mutants, or variants
thereof (e.g., RTP1) (e.g., RTP1S). In some embodiments, the
transgenic animal displays an altered phenotype as compared
to wild-type animals. In some embodiments, the altered phe-
notype is the overexpression of mRNA for a muscarinic ace-
tylcholine receptor (e.g., M1, M2, M3, M4, M5) and/or REEP
and/or RTP (e.g., RTP1S) gene as compared to wild-type
levels of muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) and/or REEP and/or RTP (e.g., RTP1S) expres-
sion. In other embodiments, the altered phenotype is the
decreased expression of mRNA for an endogenous muscar-
inic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
and/or REEP and/or RTP (e.g., RTP1S) gene as compared to
wild-type levels of endogenous muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) and/or REEP and/or
RTP (e.g., RTP1S) expression. In some embodiments, the
transgenic animals comprise mutant alleles of muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) and/or
REEP and/or RTP (e.g., RTP1S). Methods for analyzing the
presence or absence of such phenotypes include Northern
blotting, mRNA protection assays, and RT-PCR. In other
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embodiments, the transgenic mice have a knock out mutation
of' a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS5) and/or REEP and/or RTP (e.g., RTP1S) gene. In
some embodiments, the transgenic animals display an altered
susceptibility to olfactory disorders (e.g., anosmia,
hyposmia, dysomia, phantosmia, hyperosmia, olfactory
agnosia, upper respiratory infections, tumors of the anterior
cranial fossa, and Kallmann syndrome, Foster Kennedy syn-
drome, Parkinson’s disease, Alzheimer’s disease, Huntington
chorea).

Such animals find use in research applications (e.g., iden-
tifying signaling pathways that a muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) and/or REEP and/or
RTP (e.g., RTP1S) protein is involved in), as well as drug
screening applications (e.g., to screen for drugs that prevent
or treat olfactory disorders). For example, in some embodi-
ments, test compounds (e.g., a drug that is suspected of being
useful to treat an olfactory disorder) are administered to the
transgenic animals and control animals with a wild type mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
and/or REEP and/or RTP (e.g., RTP1S) allele and the effects
evaluated. The effects of the test and control compounds on
disease symptoms are then assessed.

The transgenic animals can be generated via a variety of
methods. In some embodiments, embryonal cells at various
developmental stages are used to introduce transgenes for the
production of transgenic animals. Different methods are used
depending on the stage of development of the embryonal cell.
The zygote is the best target for micro-injection. In the mouse,
the male pronucleus reaches the size of approximately 20
micrometers in diameter, which allows reproducible injection
of'1-2 picoliters (pl) of DNA solution. The use of zygotes as
atarget for gene transfer has a major advantage in that in most
cases the injected DNA will be incorporated into the host
genome before the first cleavage (Brinster et al., Proc. Natl.
Acad. Sci. USA 82:4438-4442[1985]). As a consequence, all
cells of the transgenic non-human animal will carry the incor-
porated transgene. This will in general also be reflected in the
efficient transmission of the transgene to offspring of the
founder since 50% of'the germ cells will harbor the transgene.
U.S. Pat. No. 4,873,191 describes a method for the micro-
injection of zygotes; the disclosure of this patent is incorpo-
rated herein in its entirety.

In other embodiments, retroviral infection is used to intro-
duce transgenes into a non-human animal. In some embodi-
ments, the retroviral vector is utilized to transfect oocytes by
injecting the retroviral vector into the perivitelline space of
the oocyte (U.S. Pat. No. 6,080,912, incorporated herein by
reference). In other embodiments, the developing non-human
embryo can be cultured in vitro to the blastocyst stage. During
this time, the blastomeres can be targets for retroviral infec-
tion (Janenich, Proc. Natl. Acad. Sci. USA 73:1260 [1976]).
Efficient infection of the blastomeres is obtained by enzy-
matic treatment to remove the zona pellucida (Hogan et al., in
Manipulating the Mouse Embryo, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y. [1986]). The viral
vector system used to introduce the transgene is typically a
replication-defective retrovirus carrying the transgene (Jah-
ner et al., Proc. Natl. Acad. Sci. USA 82:6927[1985]). Trans-
fection is easily and efficiently obtained by culturing the
blastomeres on a monolayer of virus-producing cells (Van der
Putten, supra; Stewart, et al., EMBO I., 6:383 [1987]). Alter-
natively, infection can be performed at a later stage. Virus or
virus-producing cells can be injected into the blastocoele
(Jahner et al., Nature 298:623 [1982]). Most of the founders
will be mosaic for the transgene since incorporation occurs
only in a subset of cells that form the transgenic animal.
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Further, the founder may contain various retroviral insertions
of the transgene at different positions in the genome that
generally will segregate in the offspring. In addition, it is also
possible to introduce transgenes into the germline, albeit with
low efficiency, by intrauterine retroviral infection of the
midgestation embryo (Jahner et al., supra [1982]). Additional
means of using retroviruses or retroviral vectors to create
transgenic animals known to the art involves the micro-injec-
tion of retroviral particles or mitomycin C-treated cells pro-
ducing retrovirus into the perivitelline space of fertilized eggs
or early embryos (PCT International Application WO
90/08832 [1990], and Haskell and Bowen, Mol. Reprod.
Dev., 40:386 [1995]).

In other embodiments, the transgene is introduced into
embryonic stem cells and the transfected stem cells are uti-
lized to form an embryo. ES cells are obtained by culturing
pre-implantation embryos in vitro under appropriate condi-
tions (Evans et al., Nature 292:154 [1981]; Bradley et al.,
Nature 309:255 [1984]; Gossler et al., Proc. Acad. Sci. USA
83:9065 [1986]; and Robertson et al., Nature 322:445
[1986]). Transgenes can be efficiently introduced into the ES
cells by DNA transfection by a variety of methods known to
the art including calcium phosphate co-precipitation, proto-
plast or spheroplast fusion, lipofection and DEAE-dextran-
mediated transfection. Transgenes may also be introduced
into ES cells by retrovirus-mediated transduction or by
micro-injection. Such transfected ES cells can thereafter
colonize an embryo following their introduction into the blas-
tocoel of a blastocyst-stage embryo and contribute to the
germ line of the resulting chimeric animal (for review, See,
Jaenisch, Science 240:1468 [1988]). Prior to the introduction
of transfected ES cells into the blastocoel, the transfected ES
cells may be subjected to various selection protocols to enrich
for ES cells which have integrated the transgene assuming
that the transgene provides a means for such selection. Alter-
natively, the polymerase chain reaction may be used to screen
for ES cells that have integrated the transgene. This technique
obviates the need for growth of the transfected ES cells under
appropriate selective conditions prior to transfer into the blas-
tocoel.

In still other embodiments, homologous recombination is
utilized to knock-out gene function or create deletion mutants
(e.g., mutants in which a particular domain of muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) and/or
REEP and/or RTP (e.g., RTP1S) is deleted). Methods for
homologous recombination are described in U.S. Pat. No.
5,614,396, incorporated herein by reference.

VIII. Compound Screening Using Muscarinic Acetylcholine
Receptors (e.g., M1, M2, M3, M4, M5)

In some embodiments, the isolated nucleic acid and
polypeptides of Muscarinic Acetylcholine Receptors (M1,
M2, M3, M4, M5) of the present invention (e.g., SEQ ID
NOS: 1-5, 7-11) and related proteins and nucleic acids are
used in drug screening applications for compounds that
modulate (e.g., enhance or inhibit) muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) activity and/or odor
receptor activity. The present invention further provides
methods of identifying ligands and signaling pathways of the
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) proteins of the present invention.

The present invention is not limited to a particular mecha-
nism. Indeed, an understanding of the mechanism is not nec-
essary to practice the present invention. Nonetheless, based
upon OR activity experiments conducted during the course of
the present invention, it is contemplated that muscarinic ace-
tylcholine receptor (e.g., M1, M2, M3, M4, M5) family pro-
teins function in modulator odorant receptor activity. In some
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embodiments, it is contemplated that M3 proteins function in
the enhancement of odorant cell activity (e.g., odorant recep-
tor activity). In some embodiments, it is contemplated that
M2 and/or M4 proteins function in the inhibition of odorant
cell activity (e.g., odorant receptor activity).

In some embodiments, the present invention provides
methods of screening compounds for the ability to modulate
(e.g., inhibit, enhance) muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) activity and/or odorant receptor
activity mediated by natural ligands (e.g., identified using the
methods described above). Such compounds find use in the
treatment of disease mediated by Muscarinic Acetylcholine
Receptors (M1, M2, M3, M4, M5) (e.g., olfactory disorders),
the alteration of olfactory sensory responses, and the like.

In some embodiments, the present invention provides
methods of screening compounds for an ability to interact
with mutant muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) nucleic acid and/or mutant muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) polypeptides,
while simultaneously not interacting with wild type muscar-
inic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
nucleic acid (e.g., SEQ ID NOS:1-5) and/or wild type mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
polypeptides (e.g., SEQ ID NOS:7-11). Such compounds find
use in the treatment of olfactory disorders facilitated by the
presence of mutant forms of muscarinic acetylcholine recep-
tor (e.g., M1, M2, M3, M4, M5) nucleic acids and/or proteins.

In some embodiments, the activity of cell surface localized
ORs in cells expressing exogenous muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, MS5) polypeptides is
assessed in response to compounds (e.g., candidate or ligands
or inhibitors).

One technique uses muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) antibodies or OR antibodies,
generated as discussed above. Such antibodies are capable of
specifically binding to a muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) or OR peptides and compete
with a test compound for binding to a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) or OR peptides.
Similar screens can be carried out with small molecule librar-
ies, aptamers, etc.

The present invention contemplates the use of cell lines
transfected with muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) genes and variants thereof for screening
compounds for activity, and in particular to high throughput
screening of compounds from combinatorial libraries (e.g.,
libraries containing greater than 10* compounds). In some
embodiments, the cell lines are further transfected with REEP
and/or RTP (e.g., RTP1S) genes and variants thereof. The cell
lines of the present invention can be used in a variety of
screening methods. In some embodiments, the cells can be
used in second messenger assays that monitor signal trans-
duction following activation of cell-surface receptors. In
other embodiments, the cells can be used in reporter gene
assays that monitor cellular responses at the transcription/
translation level.

In second messenger assays, the host cells are preferably
transfected as described above with vectors encoding musca-
rinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
genes or variants or mutants thereof. In some embodiments,
the cell lines are further transfected with REEP and/or RTP
(e.g., RTP1S) genes and variants thereof. The host cells are
then treated with a compound or plurality of compounds (e.g.,
from a combinatorial library) and assayed for the presence or
absence of a response. It is contemplated that at least some of
the compounds in the combinatorial library can serve as ago-
nists, antagonists, activators, or inhibitors of the protein or
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proteins encoded by the vectors or of ORs localized at the cell
membrane. It is also contemplated that at least some of the
compounds in the combinatorial library can serve as agonists,
antagonists, activators, or inhibitors of protein acting
upstream or downstream of the protein encoded by the vector
in a signal transduction pathway.

In some embodiments, the second messenger assays mea-
sure fluorescent signals from reporter molecules that respond
to intracellular changes (e.g., Ca®* concentration, membrane
potential, pH, IP;, cAMP, arachidonic acid release) due to
stimulation of membrane receptors and ion channels (e.g.,
ligand gated ion channels; see Denyer et al., Drug Discov.
Today 3:323 [1998]; and Gonzales et al., Drug. Discov. Today
4:431-39 [1999]). Examples of reporter molecules include,
but are not limited to, FRET (florescence resonance energy
transfer) systems (e.g., Cuo-lipids and oxonols, EDAN/DAB-
CYL), calcium sensitive indicators (e.g., Fluo-3, FURA 2,
INDO 1, and FLUO3/AM, BAPTA AM), chloride-sensitive
indicators (e.g., SPQ, SPA), potassium-sensitive indicators
(e.g., PBFI), sodium-sensitive indicators (e.g., SBFI), and pH
sensitive indicators (e.g., BCECF).

In general, the host cells are loaded with the indicator prior
to exposure to the compound. Responses of the host cells to
treatment with the compounds can be detected by methods
known in the art, including, but not limited to, fluorescence
microscopy, confocal microscopy (e.g., FCS systems), flow
cytometry, microfluidic devices, FLIPR systems (See, e.g.,
Schroeder and Neagle, J. Biomol. Screening 1:75 [1996]),
and plate-reading systems. In some embodiments, the
response (e.g., increase in fluorescent intensity) caused by
compound of unknown activity is compared to the response
generated by a known agonist and expressed as a percentage
of'the maximal response of the known agonist. The maximum
response caused by a known agonist is defined as a 100%
response. Likewise, the maximal response recorded after
addition of an agonist to a sample containing a known or test
antagonist is detectably lower than the 100% response.

The cells are also useful in reporter gene assays. Reporter
gene assays involve the use of host cells transfected with
vectors encoding a nucleic acid comprising transcriptional
control elements of a target gene (i.e., a gene that controls the
biological expression and function of a disease target) spliced
to acoding sequence for a reporter gene. Therefore, activation
of the target gene results in activation of the reporter gene
product.

The test compounds of the present invention can be
obtained using any of the numerous approaches in combina-
torial library methods known in the art, including biological
libraries; peptoid libraries (libraries of molecules having the
functionalities of peptides, but with a novel, non-peptide
backbone, which are resistant to enzymatic degradation but
which nevertheless remain bioactive; see, e.g., Zuckennann et
al., J. Med. Chem. 37: 2678-85 [1994]); spatially addressable
parallel solid phase or solution phase libraries; synthetic
library methods requiring deconvolution; the ‘one-bead one-
compound’ library method; and synthetic library methods
using affinity chromatography selection. The biological
library and peptoid library approaches are preferred for use
with peptide libraries, while the other four approaches are
applicable to peptide, non-peptide oligomer or small mol-
ecule libraries of compounds (Lam (1997) Anticancer Drug
Des. 12:145).

The ability of the test compound to modulate a muscarinic
acetylcholine receptor (e.g., M1, M2, M3, M4, M5) binding
to a compound, e.g., an odorant receptor, can also be evalu-
ated. This can be accomplished, for example, by coupling the
compound, e.g., the substrate, with a radioisotope or enzy-
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matic label such that binding of the compound, e.g., the
substrate, to muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) can be determined by detecting the labeled
compound, e.g., substrate, in a complex.

Alternatively, a muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) is coupled with a radioisotope or
enzymatic label to monitor the ability of a test compound to
modulate muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) binding to a muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) substrate in a complex. For
example, compounds (e.g., substrates) can be labeled with
1251, 338 C or *H, either directly or indirectly, and the
radioisotope detected by direct counting of radioemmission
or by scintillation counting. Alternatively, compounds can be
enzymatically labeled with, for example, horseradish peroxi-
dase, alkaline phosphatase, or luciferase, and the enzymatic
label detected by determination of conversion of an appropri-
ate substrate to product.

The ability of a compound (e.g., an odorant receptor) to
interact with a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) with or without the labeling of any of the
interactants can be evaluated. For example, a microphysiom-
eter can be used to detect the interaction of a compound with
a muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) without the labeling of either the compound or the mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
(McConnell et al. Science 257:1906-1912 [1992]). As used
herein, a “microphysiometer” (e.g., Cytosensor) is an analyti-
cal instrument that measures the rate at which a cell acidifies
its environment using a light-addressable potentiometric sen-
sor (LAPS). Changes in this acidification rate can be used as
an indicator of the interaction between a compound and a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) polypeptide.

In yet another embodiment, a cell-free assay is provided in
which a muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) protein or biologically active portion thereof is
contacted with a test compound and the ability of the test
compound to bind to the muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) protein or biologically active
portion thereofis evaluated. Preferred biologically active por-
tions of muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) proteins to be used in assays of the present invention
include fragments that participate in interactions with sub-
strates or other proteins, e.g., fragments with high surface
probability scores.

Cell-free assays involve preparing a reaction mixture of the
target gene protein and the test compound under conditions
and for a time sufficient to allow the two components to
interact and bind, thus forming a complex that can be
removed and/or detected.

The interaction between two molecules can also be
detected, e.g., using fluorescence energy transfer (FRET)
(see, for example, Lakowicz et al., U.S. Pat. No. 5,631,169;
Stavrianopoulos etal., U.S. Pat. No. 4,968,103; each of which
is herein incorporated by reference). A fluorophore label is
selected such that a first donor molecule’s emitted fluorescent
energy will be absorbed by a fluorescent label on a second,
‘acceptor’ molecule, which in turn is able to fluoresce due to
the absorbed energy.

Alternately, the ‘donor’ protein molecule may simply uti-
lize the natural fluorescent energy of tryptophan residues.
Labels are chosen that emit different wavelengths of light,
such that the ‘acceptor’ molecule label may be differentiated
from that of the ‘donor’. Since the efficiency of energy trans-
fer between the labels is related to the distance separating the
molecules, the spatial relationship between the molecules can
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be assessed. In a situation in which binding occurs between
the molecules, the fluorescent emission of the “acceptor’ mol-
ecule label in 1 5 the assay should be maximal. An FRET
binding event can be conveniently measured through stan-
dard fluorometric detection means well known in the art (e.g.,
using a fluorimeter).

Modulators of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) expression can also be identified. For
example, a cell or cell free mixture is contacted with a can-
didate compound and the expression of muscarinic acetyl-
choline receptor (e.g., M1, M2, M3, M4, M5) mRNA or
protein evaluated relative to the level of expression of the
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) mRNA or protein in the absence of the candidate com-
pound. When expression of the muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) mRNA or protein is
greater in the presence of the candidate compound than in its
absence, the candidate compound is identified as a stimulator
of' a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) mRNA or protein expression. Alternatively, when
expression of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) mRNA or protein is less (i.e., statistically
significantly less) in the presence of the candidate compound
than in its absence, the candidate compound is identified as an
inhibitor of muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) mRNA or protein expression. The level of
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) mRNA or protein expression can be determined by
methods described herein for detecting muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) mRNA or protein.

A modulating agent can be identified using a cell-based or
a cell free assay, and the ability of the agent to modulate the
activity of a muscarinic acetylcholine receptor (e.g., M1, M2,
M3, M4, M5) protein can be confirmed in vivo, e.g., in an
animal such as an animal model for a disease (e.g., an animal
with an muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) related olfactory disorder).

B. Therapeutic Agents

This invention further pertains to novel agents identified by
the above-described screening assays. Accordingly, it is
within the scope of this invention to further use an agent
identified as described herein (e.g., a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) modulating agent
or mimetic, a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) specific antibody, a muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5)—binding partner,
or an OR agonist or inhibitor) in an appropriate animal model
(such as those described herein) to determine the efficacy,
toxicity, side effects, or mechanism of action, of treatment
with such an agent. Furthermore, as described above, novel
agents identified by the above-described screening assays can
be, e.g., used for treatments of olfactory disorders (e.g.,
including, but not limited to, olfactory disorders).

VIII. Pharmaceutical Compositions Containing Muscarinic
Acetylcholine

Receptor (e.g., M1, M2, M3, M4, M5) Nucleic Acid, Pep-
tides, and Analogs The present invention further provides
pharmaceutical compositions which may comprise all or por-
tions of muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS5) polynucleotide sequences, muscarinic acetylcho-
line receptor (e.g., M1, M2, M3, M4, M5) polypeptides,
inhibitors or antagonists of muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) bioactivity, including antibod-
ies, alone or in combination with at least one other agent, such
as a stabilizing compound, and may be administered in any
sterile, biocompatible pharmaceutical carrier, including, but
not limited to, saline, buffered saline, dextrose, and water.
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The methods of the present invention find use in treating
diseases or altering physiological states characterized by
mutant muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) alleles (e.g., anosmia, hyposmia, dysomia, phan-
tosmia, hyperosmia, olfactory agnosia, upper respiratory
infections, tumors of the anterior cranial fossa, and Kallmann
syndrome, Foster Kennedy syndrome, Parkinson’s disease,
Alzheimer’s disease, Huntington chorea). Peptides can be
administered to the patient intravenously in a pharmaceuti-
cally acceptable carrier such as physiological saline. Stan-
dard methods for intracellular delivery of peptides can be
used (e.g., delivery via liposome). Such methods are well
known to those of ordinary skill in the art. The formulations of
this invention are useful for parenteral administration, such as
intravenous, subcutaneous, intramuscular, and intraperito-
neal. Therapeutic administration of a polypeptide intracellu-
larly can also be accomplished using gene therapy as
described above.

As is well known in the medical arts, dosages for any one
patient depends upon many factors, including the patient’s
size, body surface area, age, the particular compound to be
administered, sex, time and route of administration, general
health, and interaction with other drugs being concurrently
administered.

Accordingly, in some embodiments of the present inven-
tion, muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) nucleotide and muscarinic acetylcholine receptor
(e.g., M1, M2, M3, M4, M5) amino acid sequences can be
administered to a patient alone, or in combination with other
nucleotide sequences, drugs or hormones or in pharmaceuti-
cal compositions where it is mixed with excipient(s) or other
pharmaceutically acceptable carriers. In one embodiment of
the present invention, the pharmaceutically acceptable carrier
is pharmaceutically inert. In another embodiment of the
present invention, muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) polynucleotide sequences or musca-
rinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
amino acid sequences may be administered alone to individu-
als subject to or suffering from a disease.

Depending on the condition being treated, these pharma-
ceutical compositions may be formulated and administered
systemically or locally. Techniques for formulation and
administration may be found in the latest edition of “Rem-
ington’s Pharmaceutical Sciences” (Mack Publishing Co,
Easton Pa.). Suitable routes may, for example, include oral or
transmucosal administration; as well as parenteral delivery,
including intramuscular, subcutaneous, intramedullary,
intrathecal, intraventricular, intravenous, intraperitoneal, or
intranasal administration.

For injection, the pharmaceutical compositions of the
invention may be formulated in aqueous solutions, preferably
in physiologically compatible buffers such as Hanks’ solu-
tion, Ringer’s solution, or physiologically buffered saline.
Fortissue or cellular administration, penetrants appropriate to
the particular barrier to be permeated are used in the formu-
lation. Such penetrants are generally known in the art.

In other embodiments, the pharmaceutical compositions of
the present invention can be formulated using pharmaceuti-
cally acceptable carriers well known in the art in dosages
suitable for oral administration. Such carriers enable the phar-
maceutical compositions to be formulated as tablets, pills,
capsules, liquids, gels, syrups, slurries, suspensions and the
like, for oral or nasal ingestion by a patient to be treated.

Pharmaceutical compositions suitable for use in the
present invention include compositions wherein the active
ingredients are contained in an effective amount to achieve
the intended purpose. For example, an effective amount of a
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muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) may be that amount that suppresses olfactory disorder
related symptoms. Determination of effective amounts is well
within the capability of those skilled in the art, especially in
light of the disclosure provided herein.

In addition to the active ingredients these pharmaceutical
compositions may contain suitable pharmaceutically accept-
able carriers comprising excipients and auxiliaries that facili-
tate processing of the active compounds into preparations that
can be used pharmaceutically. The preparations formulated
for oral administration may be in the form oftablets, dragees,
capsules, or solutions.

The pharmaceutical compositions of the present invention
may be manufactured in a manner that is itselfknown (e.g., by
means of conventional mixing, dissolving, granulating, dra-
gee-making, levigating, emulsifying, encapsulating, entrap-
ping or lyophilizing processes).

Pharmaceutical formulations for parenteral administration
include aqueous solutions of the active compounds in water-
soluble form. Additionally, suspensions of the active com-
pounds may be prepared as appropriate oily injection suspen-
sions. Suitable lipophilic solvents or vehicles include fatty
oils such as sesame oil, or synthetic fatty acid esters, such as
ethyl oleate or triglycerides, or Liposomes. Aqueous injection
suspensions may contain substances that increase the viscos-
ity of the suspension, such as sodium carboxymethyl cellu-
lose, sorbitol, or dextran. Optionally, the suspension may also
contain suitable stabilizers or agents that increase the solu-
bility of the compounds to allow for the preparation of highly
concentrated solutions.

Pharmaceutical preparations for oral use can be obtained
by combining the active compounds with solid excipient,
optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable excipients
are carbohydrate or protein fillers such as sugars, including
lactose, sucrose, mannitol, or sorbitol; starch from corn,
wheat, rice, potato, etc; cellulose such as methyl cellulose,
hydroxypropylmethyl-cellulose, or sodium carboxymethyl-
cellulose; and gums including arabic and tragacanth; and
proteins such as gelatin and collagen. If desired, disintegrat-
ing or solubilizing agents may be added, such as the cross-
linked polyvinyl pyrrolidone, agar, alginic acid or a salt
thereof such as sodium alginate.

Dragee cores are provided with suitable coatings such as
concentrated sugar solutions, which may also contain gum
arabic, talc, polyvinylpyrrolidone, carbopol gel, polyethylene
glycol, and/or titanium dioxide, lacquer solutions, and suit-
able organic solvents or solvent mixtures. Dyestuffs or pig-
ments may be added to the tablets or dragee coatings for
product identification or to characterize the quantity of active
compound, (i.e., dosage).

Pharmaceutical preparations that can be used orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a coating such as glycerol
or sorbitol. The push-fit capsules can contain the active ingre-
dients mixed with a filler or binders such as lactose or
starches, lubricants such as talc or magnesium stearate, and,
optionally, stabilizers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids, such as
fatty oils, liquid paraffin, or liquid polyethylene glycol with or
without stabilizers.

Compositions comprising a compound of the invention
formulated in a pharmaceutical acceptable carrier may be
prepared, placed in an appropriate container, and labeled for
treatment of an indicated condition. For polynucleotide or
amino acid sequences of a muscarinic acetylcholine receptor



US 9,068,226 B2

63

(e.g., M1, M2, M3, M4, MS5), conditions indicated on the
label may include treatment of condition related to olfactory
disorders.

The pharmaceutical composition may be provided as a salt
and can be formed with many acids, including but not limited
to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, suc-
cinic, etc. Salts tend to be more soluble in aqueous or other
protonic solvents that are the corresponding free base forms.
In other cases, the preferred preparation may be a lyophilized
powder in 1 mM-50 mM histidine, 0.1%-2% sucrose, 2%-7%
mannitol at a pH range of 4.5 to 5.5 that is combined with
buffer prior to use.

For any compound used in the method of the invention, the
therapeutically effective dose can be estimated initially from
cell culture assays. Then, preferably, dosage can be formu-
lated in animal models (particularly murine models) to
achieve a desirable circulating concentration range that
adjusts muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, M5) levels.

A therapeutically effective dose refers to that amount of a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) that ameliorates symptoms of the disease state. Toxicity
and therapeutic efficacy of such compounds can be deter-
mined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.g., for determining the LD, (the
dose lethal to 50% of the population) and the ED. (the dose
therapeutically effective in 50% of the population). The dose
ratio between toxic and therapeutic effects is the therapeutic
index, and it can be expressed as the ratio LD;/EDs,. Com-
pounds that exhibit large therapeutic indices are preferred.
The data obtained from these cell culture assays and addi-
tional animal studies can be used in formulating a range of
dosage for human use. The dosage of such compounds lies
preferably within a range of circulating concentrations that
include the ED., with little or no toxicity. The dosage varies
within this range depending upon the dosage form employed,
sensitivity of the patient, and the route of administration.

The exact dosage is chosen by the individual physician in
view of the patient to be treated. Dosage and administration
are adjusted to provide sufficient levels of the active moiety or
to maintain the desired effect. Additional factors which may
be taken into account include the severity of the disease state;
age, weight, and gender of the patient; diet, time and fre-
quency of administration, drug combination(s), reaction sen-
sitivities, and tolerance/response to therapy. Long acting
pharmaceutical compositions might be administered every 3
to 4 days, every week, or once every two weeks depending on
half-life and clearance rate of the particular formulation.

Normal dosage amounts may vary from 0.01 to 100,000
micrograms, up to a total dose of about 1 g, depending upon
the route of administration. Guidance as to particular dosages
and methods of delivery is provided in the literature (See,
U.S. Pat. Nos. 4,657,760; 5,206,344; or 5,225,212, all of
which are herein incorporated by reference). Those skilled in
the art will employ different formulations for a muscarinic
acetylcholine receptors (e.g., M1, M2, M3, M4, M5) than for
the inhibitors of muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5). Administration to the bone marrow may
necessitate delivery in a manner different from intravenous
injections.

IX. RNAI for Muscarinic Acetylcholine Receptors (e.g., M1,
M2, M3, M4, M5)

RNAi represents an evolutionary conserved cellular
defense for controlling the expression of foreign genes in
most eukaryotes, including humans. RNAI is triggered by
double-stranded RNA (dsRNA) and causes sequence-spe-
cific mRNA degradation of single-stranded target RNAs
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homologous in response to dsRNA. The mediators of mRNA
degradation are small interfering RNA duplexes (siRNAs),
which are normally produced from long dsSRNA by enzymatic
cleavage in the cell. siRNAs are generally approximately
twenty-one nucleotides in length (e.g. 21-23 nucleotides in
length), and have a base-paired structure characterized by two
nucleotide 3'-overhangs. Following the introduction of a
small RNA, or RNAL, into the cell, it is believed the sequence
is delivered to an enzyme complex called RISC(RNA-in-
duced silencing complex). RISC recognizes the target and
cleaves it with an endonuclease. It is noted that if larger RNA
sequences are delivered to a cell, RNase III enzyme (Dicer)
converts longer dsRNA into 21-23 nt ds siRNA fragments.

Chemically synthesized siRNAs have become powerful
reagents for genome-wide analysis of mammalian gene func-
tion in cultured somatic cells. Beyond their value for valida-
tion of gene function, siRNAs also hold great potential as
gene-specific therapeutic agents (Tuschl and Borkhardt,
Molecular Intervent. 2002; 2(3):158-67, herein incorporated
by reference).

The transfection of siRNAs into animal cells results in the
potent, long-lasting post-transcriptional silencing of specific
genes (Caplen et al, Proc Natl Acad Sci U.S.A. 2001; 98:
9742-7; Elbashir et al., Nature. 2001; 411:494-8; Elbashir et
al., Genes Dev. 2001, 15: 188-200; and Elbashir et al., EMBO
J.2001; 20: 6877-88, all of which are herein incorporated by
reference). Methods and compositions for performing RNAi
with siRNAs are described, for example, in U.S. Pat. No.
6,506,559, herein incorporated by reference.

siRNAs are extraordinarily effective at lowering the
amounts of targeted RNA, and by extension proteins, fre-
quently to undetectable levels. The silencing effect can last
several months, and is extraordinarily specific, because one
nucleotide mismatch between the target RNA and the central
region of the siRNA is frequently sufficient to prevent silenc-
ing Brummelkamp et al, Science 2002; 296:550-3; and Holen
etal, Nucleic Acids Res. 2002;30:1757-66, both of which are
herein incorporated by reference.

As discussed above, the present invention provides RNAi
for inhibiting the expression of the muscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) polypeptide in cells,
ORs, or pathway components involved in the expression or
activity of such components.

A. Designing and Testing RNAi for Muscarinic Acetylcho-
line Receptor (e.g., M1, M2, M3, M4, M5)

In order to design siRNAs for muscarinic acetylcholine
receptors (e.g., M1, M2, M3, M4, M5) (e.g. that target mus-
carinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
mRNA) software design tools are available in the art (e.g. on
the Internet). For example, Oligoengine’s web page has one
such design tool that finds RNAi candidates based on Elbash-
ir’s (Elbashir et al, Methods 2002; 26: 199-213, herein incor-
porated by reference) criteria. Other design tools may also be
used, such as the Cenix Bioscience design tool offered by
Ambion. In addition, there is also the Si2 silencing duplex
offered by Oligoengine.

There are also RNA folding software programs available
that allow one to determine if the mRNA has a tendency to
fold on its own and form a “hair-pin” (which in the case of
dsRNAi is not as desirable since one goal is to have the RNAi
attach to the mRNA and not itself). One preferred configura-
tion is an open configuration with three or less bonds. Gen-
erally, a positive delta G is desirable to show that it would not
tend to fold on itself spontaneously.

siRNA candidate molecules that are generated can be, for
example, screened in an animal model of an olfactory disor-
der for the quantitative evaluation of muscarinic acetylcho-
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line receptor (e.g., M1, M2, M3, M4, M5) expression in vivo
using similar techniques as described above.

B. Expression Cassettes

Muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) specific siRNAs of the present invention may be synthe-
sized chemically. Chemical synthesis can be achieved by any
method known or discovered in the art. Alternatively, musca-
rinic acetylcholine receptor (e.g., M1, M2, M3, M4, M5)
specific siRNAs of the present invention may be synthesized
by methods which comprise synthesis by transcription. In
some embodiments, transcription is in vitro, as from a DNA
template and bacteriophage RNA polymerase promoter, in
other embodiments, synthesis is in vivo, as from a gene and a
promoter. Separate-stranded duplex siRNA, where the two
strands are synthesized separately and annealed, can also be
synthesized chemically by any method known or discovered
in the art. Alternatively, ds siRNA are synthesized by methods
that comprise synthesis by transcription. In some embodi-
ments, the two strands of the double-stranded region of a
siRNA are expressed separately by two different expression
cassettes, either in vitro (e.g., in a transcription system) or in
vivo in a host cell, and then brought together to form a duplex.

Thus, in another aspect, the present invention provides a
composition comprising an expression cassette comprising a
promoter and a gene that encodes a siRNA specific for mus-
carinic acetylcholine receptors (e.g., M1, M2, M3, M4, M5).
In some embodiments, the transcribed siRNA forms a single
strand of a separate-stranded duplex (or double-stranded, or
ds) siRNA of about 18 to 25 base pairs long; thus, formation
of'ds siRNA requires transcription of each of the two different
strands of a ds siRNA. The term “gene” in the expression
cassette refers to a nucleic acid sequence that comprises cod-
ing sequences necessary for the production of a siRNA. Thus,
a gene includes but is not limited to coding sequences for a
strand of a ds siRNA.

Generally, a DNA expression cassette comprises a chemi-
cally synthesized or recombinant DNA molecule containing
at least one gene, or desired coding sequence for a single
strand of'a ds siRNA, and appropriate nucleic acid sequences
necessary for the expression of the operably linked coding
sequence, either in vitro or in vivo. Expression in vitro may
include expression in transcription systems and in transcrip-
tion/translation systems. Expression in vivo may include
expression in a particular host cell and/or organism. Nucleic
acid sequences necessary for expression in a prokaryotic cell
or in a prokaryotic in vitro expression system are well known
and usually include a promoter, an operator, and a ribosome
binding site, often along with other sequences. Eukaryotic in
vitro transcription systems and cells are known to utilize
promoters, enhancers, and termination and polyadenylation
signals. Nucleic acid sequences necessary for expression via
bacterial RNA polymerases (such as T3, T7, and SP6),
referred to as a transcription template in the art, include a
template DNA strand which has a polymerase promoter
region followed by the complement of the RNA sequence
desired (or the coding sequence or gene for the siRNA). In
order to create a transcription template, a complementary
strand is annealed to the promoter portion of the template
strand.

Inany of the expression cassettes described above, the gene
may encode a transcript that contains at least one cleavage
site, such that when cleaved results in at least two cleavage
products. Such products can include the two opposite strands
of' a ds siRNA. In an expression system for expression in a
eukaryotic cell, the promoter may be constitutive or induc-
ible; the promoter may also be tissue or organ specific (e.g.
specific to the eye), or specific to a developmental phase.
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Preferably, the promoter is positioned 5' to the transcribed
region. Other promoters are also contemplated; such promot-
ers include other polymerase III promoters and microRNA
promoters.

Preferably, a eukaryotic expression cassette further com-
prises a transcription termination signal suitable for use with
the promoter; for example, when the promoter is recognized
by RNA polymerase 11, the termination signal is an RNA
polymerase III termination signal. The cassette may also
include sites for stable integration into a host cell genome.

C. Vectors

In other aspects of the present invention, the compositions
comprise a vector comprising a gene encoding an siRNA
specific for a muscarinic acetylcholine receptor (e.g., M1,
M2, M3, M4, M5) or preferably at least one expression cas-
sette comprising a promoter and a gene which encodes a
sequence necessary for the production of a siRNA specific for
a muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) (an siRNA gene). The vectors may further comprise
marker genes, reporter genes, selection genes, or genes of
interest, such as experimental genes. Vectors of the present
invention include cloning vectors and expression vectors.
Expression vectors may be used in in vitro transcription/
translation systems, as well as in in vivo in a host cell. Expres-
sion vectors used in vivo in a host cell may be transfected into
a host cell, either transiently, or stably. Thus, a vector may
also include sites for stable integration into a host cell
genome.

In some embodiments, it is useful to clone a siRNA gene
downstream of a bacteriophage RNA polymerase promoter
into a multicopy plasmid. A variety of transcription vectors
containing bacteriophage RNA polymerase promoters (such
as T7 promoters) are available. Alternatively, DNA synthesis
can be used to add a bacteriophage RNA polymerase pro-
moter upstream of a siRNA coding sequence. The cloned
plasmid DNA, linearized with a restriction enzyme, can then
beused as a transcription template (See for example Milligan,
JF and Uhlenbeck, O C (1989) Methods in Enzymology 180:
51-64).

In other embodiments of the present invention, vectors
include, but are not limited to, chromosomal, nonchromo-
somal and synthetic DNA sequences (e.g., derivatives of viral
DNA such as vaccinia, adenovirus, fowl pox virus, and pseu-
dorabies). It is contemplated that any vector may be used as
long as it is expressed in the appropriate system (either in
vitro or in vivo) and viable in the host when used in vivo; these
two criteria are sufficient for transient transfection. For stable
transfection, the vector is also replicable in the host.

Large numbers of suitable vectors are known to those of
skill in the art, and are commercially available. In some
embodiments of the present invention, mammalian expres-
sion vectors comprise an origin of replication, suitable pro-
moters and enhancers, and also any necessary ribosome bind-
ing sites, polyadenylation sites, splice donor and acceptor
sites, transcriptional termination sequences, and 5' flanking
non-transcribed sequences. In other embodiments, DNA
sequences derived from the SV40 splice, and polyadenylation
sites may be used to provide the required non-transcribed
genetic elements.

In certain embodiments of the present invention, a gene
sequence in an expression vector which is not part of an
expression cassette comprising a siRNA gene (specific for a
muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
M5)) is operatively linked to an appropriate expression con-
trol sequence(s) (promoter) to direct mRNA synthesis. In
some embodiments, the gene sequence is a marker gene or a
selection gene. Promoters useful in the present invention
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include, but are not limited to, the cytomegalovirus (CMV)
immediate early, herpes simplex virus (HSV) thymidine
kinase, and mouse metallothionein promoters and other pro-
moters known to control expression of gene in mammalian
cells or their viruses. In other embodiments of the present
invention, recombinant expression vectors include origins of
replication and selectable markers permitting transformation
of the host cell (e.g., dihydrofolate reductase or neomycin
resistance for eukaryotic cell culture).

In some embodiments of the present invention, transcrip-
tion of DNA encoding a gene is increased by inserting an
enhancer sequence into the vector. Enhancers are cis-acting
elements of DNA, usually about from 10 to 300 bp that act on
a promoter to increase its transcription. Enhancers useful in
the present invention include, but are not limited to, a cytome-
galovirus early promoter enhancer, the polyoma enhancer on
the late side of the replication origin, and adenovirus enhanc-
ers.

Preferably the design of a vector is configured to deliver the
RNAI for more permanent inhibition. For example the pSi-
lencer siRNA expression vector offered by Ambion, the pSu-
per RNAI system offered by Oligoengine, and the GneSi-
lencer System offered by IMGENEX. These are all plasmid
vector based RNAis. BD Biosciences offer the RNAi-Ready
PSIREN Vectors, that allow both a Plasmid-based vectors and
an Adenoviral or a Retroviral delivery formats. Ambion is
expected to release an adenoviral vector for siRNA shortly.
For the design of a vector there is no limitation regarding the
folding pattern since there is no concern regarding the forma-
tion of a hairpin or at least there are no studies that found any
difference in performance related to the mRNA folding pat-
tern. Therefore, SEQ ID NOS: 1-5, for example, may be used
with in a Vector (both Plasmid and Viral) delivery systems.

It is noted that Ambion offers a design tool for a vector on
their web page, and BD Biosciences offers a manual for the
design of a vector, both of which are useful for designing
vectors for siRNA.

D. Transfecting Cells

In yet other aspects, the present invention provides com-
positions comprising cells transfected by an expression cas-
sette of the present invention as described above, or by a
vector of the present invention, where the vector comprises an
expression cassette (or simply the siRNA gene) of the present
invention, as described above. In some embodiments of the
present invention, the host cell is a mammalian cell. A trans-
fected cell may be a cultured cell or a tissue, organ, or organ-
ismal cell. Specific examples of cultured host cells include,
but are not limited to, Chinese hamster ovary (CHO) cells,
COS-7 lines of monkey kidney fibroblasts, 293 T, C127,3T3,
HelLa, and BHK cell lines. Specific examples of host cells in
vivo include tumor tissue and eye tissue.

The cells may be transfected transiently or stably (e.g.
DNA expressing the siRNA is stably integrated and expressed
by the host cell’s genome). The cells may also be transfected
with an expression cassette of the present invention, or they
are transfected with an expression vector of the present inven-
tion. In some embodiments, transfected cells are cultured
mammalian cells, preferably human cells. In other embodi-
ments, they are tissue, organ, or organismal cells.

In the present invention, cells to be transfected in vitro are
typically cultured prior to transfection according to methods
which are well known in the art, as for example by the pre-
ferred methods as defined by the American Tissue Culture
Collection. In certain embodiments of the present invention,
cells are transfected with siRNAs that are synthesized exog-
enously (or in vitro, as by chemical methods or in vitro
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transcription methods), or they are transfected with expres-
sion cassettes or vectors, which express siRNAs within the
transfected cell.

In some embodiments, cells are transfected with siRNAs
by any method known or discovered in the art which allows a
cell to take up exogenous RNA and remain viable. Non-
limiting examples include electroporation, microinjection,
transduction, cell fusion, DEAFE dextran, calcium phosphate
precipitation, use of a gene gun, osmotic shock, temperature
shock, and electroporation, and pressure treatment. In alter-
native, embodiments, the siRNAs are introduced in vivo by
lipofection, as has been reported (as, for example, by Elbashir
et al. (2001) Nature 411: 494-498, herein incorporated by
reference).

In other embodiments expression cassettes or vectors com-
prising at least one expression cassette are introduced into the
desired host cells by methods known in the art, including but
not limited to transfection, electroporation, microinjection,
transduction, cell fusion, DEAF dextran, calcium phosphate
precipitation, use of a gene gun, or use of a DNA vector
transporter (See e.g., Wu et al. (1992) J. Biol. Chem., 267:
963; Wu and Wu (1988) J. Biol. Chem., 263:14621; and
Williams et al. (1991) Proc. Natl. Acad. Sci. USA 88:272).
Receptor-mediated DNA delivery approaches are also used
(Curiel et al. (1992) Hum. Gene Ther., 3:147; and Wu and Wu
(1987) I. Biol. Chem., 262:4429). In some embodiments,
various methods are used to enhance transfection of the cells.
These methods include but are not limited to osmotic shock,
temperature shock, and electroporation, and pressure treat-
ment.

Alternatively, the vector can be introduced in vivo by lipo-
fection. For the past decade, there has been increasing use of
liposomes for encapsulation and transfection of nucleic acids
in vitro. Synthetic cationic lipids designed to limit the diffi-
culties and dangers encountered with liposome mediated
transfection can be used to prepare liposomes for in vivo
transfection of a gene encoding a marker. The use of cationic
lipids may promote encapsulation of negatively charged
nucleic acids, and also promote fusion with negatively
charged cell membranes. Particularly useful lipid compounds
and compositions for transfer of nucleic acids are described in
W095/18863 and WO96/17823, and in U.S. Pat. No. 5,459,
127, herein incorporated by reference. Other molecules are
also useful for facilitating transfection of a nucleic acid in
vivo, such as a cationic oligopeptide (e.g., W095/21931),
peptides derived from DNA binding proteins (e.g., WO96/
25508), or a cationic polymer (e.g., WO95/21931).

It is also possible to introduce a sequence encoding a
siRNA in vivo as a naked DNA, either as an expression
cassette or as a vector. Methods for formulating and admin-
istering naked DNA to mammalian muscle tissue are dis-
closed in U.S. Pat. Nos. 5,580,859 and 5,589,466, both of
which are herein incorporated by reference.

Stable transfection typically requires the presence of a
selectable marker in the vector used for transfection. Trans-
fected cells are then subjected to a selection procedure. Gen-
erally, selection involves growing the cells in a toxic sub-
stance, such as G418 or Hygromycin B, such that only those
cells expressing a transfected marker gene conferring resis-
tance to the toxic substance upon the transfected cell survive
and grow. Such selection techniques are well known in the art.
Typical selectable markers are well known, and include genes
encoding resistance to G418 or hygromycin B.

In some embodiments, the transfecting agent is OLIGO-
FECTAMINE. OLIGOFECTAMINE is a lipid based trans-
fection reagent. Additional example of lipid based transfec-
tion reagents that were designed for the transfection of
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dsRNAis are the Transit-TKO reagent which is provided by
Mirus (Madison, Wis.) and the jetSI which was introduced by
Polyplus-trasfection SAS. In addition, the Silencer siRNA
Transfection Kit provided by Ambion’s includes siPORT
Amine and siPORT Lipid transfection agents. Roche offers
the Fugene 6 transfection reagents that are also lipid based.
There is an option to use electroporation in cell culture. Pref-
erably a plasmid vector delivery system is transfected into the
cell with OLIGOFECTAMINE provided by Invitrogen or
with siPORT XP-1 transfection agent provided by Ambion.

In certain embodiments, certain chemical modifications of
the dsRNAis such as changing the lipophilicity of the mol-
ecule may be employed (e.g., attachment of lipophilic resi-
dues atthe 3' termini of the dsRNA). Delivery of dsRNAs into
organisms may also be achieved with methods previously
developed for the application of antisense oligonucleotides
such as injection of liposomes-encapsulated molecules.

E. Kits

The present invention also provides kits comprising at least
one expression cassette comprising a siRNA gene specific for
a muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5). In some aspects, a transcript from the expression cas-
sette forms a double stranded siRNA of about 18 to 25 base
pairs long. In other embodiments, the expression cassette is
contained within a vector, as described above, where the
vector can be used in in vitro transcription or transcription/
translation systems, or used in vivo to transfect cells, either
transiently or stably.

In other aspects, the kit comprises at least two expression
cassettes, each of which comprises a siRNA gene, such that at
least one gene encodes one strand of a siRNA that combines
with a strand encoded by a second cassette to form a ds
siRNA; the ds siRNA so produced is any of the embodiments
described above. These cassettes may comprise a promoter
and a sequence encoding one strand of a ds siRNA. In some
further embodiments, the two expression cassettes are present
in a single vector; in other embodiments, the two expression
cassettes are present in two different vectors. A vector with at
least one expression cassette, or two different vectors, each
comprising a single expression cassette, can be used in in
vitro transcription or transcription/translation systems, or
used in vivo to transfect cells, either transiently or stably.

In yet other aspects, the kit comprises at least one expres-
sion cassettes which comprises a gene which encodes two
separate strands of a ds siRNA and a processing site between
the sequences encoding each strand such that, when the gene
is transcribed, the transcript is processed, such as by cleavage,
to result in two separate strands which can combine to form a
ds siRNA, as described above.

In some embodiments, the present invention provides kits
comprising; a) a composition comprising small interfering
RNA duplexes (siRNAs) configured to inhibit expression of
the muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) protein, and b) printed material with instructions for
employing the composition for treating a target cell express-
ing a muscarinic acetylcholine receptor (e.g., M1, M2, M3,
M4, MS5) protein via expression of amuscarinic acetylcholine
receptor (e.g., M1, M2, M3, M4, M5) mRNA under condi-
tions such that the muscarinic acetylcholine receptor (e.g.,
M1, M2, M3, M4, M5) mRNA is cleaved or otherwise dis-
abled. In certain embodiments, the printed material com-
prises instructions for employing the composition for treating
eye disease.

F. Generating Muscarinic Acetylcholine Receptor (e.g.,
M1, M2, M3, M4, M5) Specific siRNA

The present invention also provides methods of synthesiz-
ing siRNAs specific for muscarinic acetylcholine receptor
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(e.g., M1, M2, M3, M4, M5) (e.g. human muscarinic acetyl-
choline receptors (e.g., M1, M2, M3, M4, M5)) or specific for
mutant or wild type forms of muscarinic acetylcholine recep-
tors (e.g., M1, M2, M3, M4, M5). The siRNAs may be syn-
thesized in vitro or in vivo. In vitro synthesis includes chemi-
cal synthesis and synthesis by in vitro transcription. In vitro
transcription is achieved in a transcription system, as from a
bacteriophage RNA polymerase, or in a transcription/trans-
lation system, as from a eukaryotic RNA polymerase. In vivo
synthesis occurs in a transfected host cell.

The siRNAs synthesized in vitro, either chemically or by
transcription, are used to transfect cells. Therefore, the
present invention also provides methods of transfecting host
cells with siRNAs synthesized in vitro; in particular embodi-
ments, the siRNAs are synthesized by in vitro transcription.
The present invention further provides methods of silencing
the muscarinic acetylcholine receptor (e.g., M1, M2, M3, M4,
MS5) gene in vivo by transfecting cells with siRNAs synthe-
sized in vitro. In other methods, the siRNAs is expressed in
vitro in a transcription/translation system from an expression
cassette or expression vector, along with an expression vector
encoding and expressing a reporter gene.

The present invention also provides methods of expressing
siRNAs in vivo by transfecting cells with expression cassettes
or vectors which direct synthesis of siRNAs in vivo. The
present invention also provides methods of silencing genes in
vivo by transfecting cells with expression cassettes or vectors
that direct synthesis of siRNAs in vivo.

X. Identification of Odorant Receptor Ligands

The present invention provides methods for identifying
ligands specific for odorant receptors. The present invention
is not limited to a particular method for identifying ligands
specific for odorant receptors. In some embodiments, the
present invention provides a cell line (e.g., heterologous 293T
cell line) expressing an odorant receptor of interest (e.g., any
human odorant receptor) localized to the cell surface, and one
or more Muscarinic Acetylcholine Receptors (M1, M2, M3,
M4, M5). In some embodiments, the Muscarinic Acetylcho-
line Receptor is M3. In some embodiments, the cell lines
further express RTP1S. In some embodiments, the cell lines
further have an M3 agonist. Activation of an odorant receptor
results in an increase in cAMP. As such, in some embodi-
ments, the cell line further comprises a cAMP responsive
element linked with a reporting agent (e.g., luciferase) for
detecting odorant receptor activation. An odiferous molecule
is exposed to the cell line. If the odiferous molecule is a ligand
specific for the odorant receptor, luciferase expression or a
change in luciferase expression is detectable.

EXAMPLES

The following examples are provided to demonstrate and
further illustrate certain some embodiments of the present
invention and are not to be construed as limiting the scope
thereof.

Example |

This example shows that coexpression of a non-OR GPCR
increases OR activation.

To identify a non-OR GPCR that interacts with ORs and
modulates OR signaling, potential receptors were screened
from a candidate library that consists of non-chemosensory
GPCRs previously shown to be expressed in the olfactory
epithelium using quantitative RT-PCR analysis (see, e.g., J.
B. Regard, 1. T. Sato, S. R. Coughlin, Cell 135, 561 (Oct. 31,
2008); herein incorporated by reference in its entirety). To
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determine whether the expression of these GPCRs affect the
function of ORs, each of the GPCRs were coexpressed with
one of three untagged (FIGS. 1A, 1B and 1C) or N-terminal
rhodopsin tagged (Rho-tagged) (FIG. 1D, 1E, 1F) ORs: OR-
S6 (FIG. 1A and FIG. 1D), OR-EG (FIGS. 1B and 1E), and
Olfr62 (FIGS. 1C and 1F) in HEK293T cells in the presence
of OR-trafficking proteins RTP1S and an olfactory GTP/GDP
exchange factor Ric-8b (see, e.g., L. E. Von Dannecker, A. F.
Mercadante, B. Malnic, Proc Natl Acad Sci USA 103, 9310
(Jun. 13, 2006); H. Saito, M. Kubota, R. W. Roberts, Q. Chi,
H. Matsunami, Cell 119, 679 (Nov. 24, 2004); H. Zhuang, H.
Matsunami, J Biol Chem 282, 15284 (May 18, 2007); each
herein incorporated by reference in its entirety). These OR-
expressing cells were next stimulated with cognate odors and
the activation of the ORs measured using a cAMP-response
element (CRE)-based luciferase reporter system that quanti-
fies OR activation based on cAMP production (see, e.g., H.
Saito, M. Kubota, R. W. Roberts, Q. Chi, H. Matsunami, Cell
119, 679 (Nov. 24, 2004); H. Zhuang, H. Matsunami, J Biol
Chem 282, 15284 (May 18, 2007); S. Katada, T. Nakagawa,
H. Kataoka, K. Touhara, Biochem Biophys Res Commun
305, 964 (Jun. 13, 2003); H. Zhuang, H. Matsunami, Nat
Protoc 3, 1402 (2008); each herein incorporated by reference
in its entirety). Of the 22 GPCRs that were cloned and tested
(see Table 1), coexpression of a number of these GPCRs
increased OR response upon odor stimulation in each of the
three receptors tested (T-test, p<0.05 after Bonferroni correc-
tion) (see FIGS. 1A-1F). Of these, only the type 3 muscarinic
acetylcholine receptor (M3) consistently increased the
response of all untagged (FIG. 1A-C) and tagged (FIG. 1D-F)
receptors tested. Similar results were obtained using Hana3 A
cells, which are HEK293T-derived cells that stably express
the previously identified accessory factors (see FIG. 2) (see,
e.g. H. Saito, M. Kubota, R. W. Roberts, Q. Chi, H. Matsu-
nami, Cell 119, 679 (Nov. 24, 2004); herein incorporated by
reference in its entirety).

TABLE 1

Listed in the order as presented in FIG. 1 are the full names of the 22
GPCRs tested in the luciferase assay screen for OR potentiation. The
numbered items correspond to each acronym as shown in FIG. 1.

mammalian expression vector PCl

adenosine A, receptor

alpha-2A adrenergic receptor

beta-2 adrenergic receptor

muscarinic acetylcholine receptor 3

cysteinyl leukotriene receptor 1

GPR126

dopamine receptor D2

. sphingosine-1-phosphate receptor 1

10. protease-activated receptor

11. frizzled receptor 1

12. frizzled receptor 3

13. frizzled receptor 6

14. frizzled receptor 7

15. lung seven transmembrane receptor 2

16. 5-hydroxytryptamine receptors

17. interleukin 8 receptor, beta

18. purinergic P2Y receptor, G-Protein Coupled 1
19. purinergic P2Y receptor, G-Protein Coupled 2
20. lysophosphatidic acid receptor 6/purinergic P2Y receptor,
G-Protein Coupled 5

GABA B-like receptor

prostaglandin E2 receptor

tachikinin receptor 1

CENa s W~

21.
22.
23.

Muscarinic acetylcholine receptors, like mammalian ORs,
are also class A GPCRs, and are known to function in a
number of physiological processes. To understand the role of
all muscarinic acetylcholine receptors in OR activity, the five
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muscarinic receptor family members with the three ORs were
tested using the luciferase assay described above. It was
found that whereas the odd, Gq-coupled subfamily members
M1, M3 and M5 enhanced the activation of the ORs, the even,
G,-coupled subfamily members M2 and M4 inhibited the
function of the ORs (see FIG. 3).

Example 11

This example demonstrates that M3 is expressed in olfac-
tory sensory neurons (OSNs). To determine whether M3 is
expressed by olfactory sensory neurons (OSNs), mRNA in
situ hybridizations were performed on sections of the olfac-
tory epithelium. It was found that M3 is expressed in the
OSNs, which can be distinguished as the cell population that
strongly expresses the Olfactory Marker Protein (OMP)
(FIG. 4A, 4B, 4C). Furthermore, immunostaining was per-
formed on sections of the olfactory epithelium to assess
whether M3 protein expression patterns are colocalize with
the olfactory cilia where ORs are localized. Consistent with
the idea that M3 plays an important role in olfactory signal-
ing, M3 signal was localized at the cilia in the olfactory
epithelium, with similar localization as adenylyl cyclase 111
(FIG. 4D, 4E, 4F, 4G). In marked contrast, M1 and M5, as
well as M2, were not well-expressed at the olfactory cilia
(FIG. 4E, 4F) (see, also, FIG. 5). While not limited to a
particular mechanism, while all three odd-membered musca-
rinic receptors potentiate OR signaling, only M3 is expressed,
suggesting, for example, that M1 and M5 do not have arole in
OR potentiation, and that the effect observed with M1 and M5
may, for example, be a result of the high sequence homology
among the subfamily members (>60% homologous).

Example 111

This example shows that M3 enhances the function of wide
variety of mammalian ORs. M3 was coexpressed with a large
set mouse and human ORs for which ligands have been iden-
tified. A diverse set of Rho-tagged ORs was expressed, as well
as previously known accessory factor RTP1S in HEK293T
cells either with or without M3. In each case, it was observed
that M3 enhanced the activation of ORs upon ligand stimu-
lation, either by lowering the EC50 value and/or increasing
maximal OR response (FIG. 6A-??). The degree of enhance-
ment was OR-dependent, though greater relative enhance-
ment was observed when M3 was coexpressed with ORs that
showed weaker odor responses without M3. That M3 inter-
acts with a large number of diverse ORs further supports the
idea that M3 is physiologically important for olfactory sig-
naling.

Example IV

This example shows that potentiation of ORs by M3 is
modulated by muscarinic agonist and antagonist in heterolo-
gous cells. Given that GPCRs that form heteromeric interac-
tions often show functional co-modulation, experiments were
conducted to determine if altering M3 activity directly affects
the odor-mediated activation of ORs. To address this ques-
tion, M3 and OR-S6 were coexpressed in HEK293T cells and
stimulated with nonanedioic acid (OR-S6 ligand) in the pres-
ence of either carbachol (muscarinic agonist) or atropine
(muscarinic antagonist). Carbachol alone did not induce the
reporter gene expression at the concentration tested (107~"M)
(FIG. 7). Co-stimulation with carbachol further enhanced
OR-S6 activation. Conversely, the presence of atropine hin-
dered the potentiation effect of M3 (FIG. 8). This effect was
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only observed in the presence of M3, consistent with the idea
that the activation state of M3 is an important factor in deter-
mining M3’s effect on OR signaling.

Example V

This example shows that M3-selective agonists attenuate
the OSN activation. If the state of M3 activation influences
odor response as a result of direct receptor-receptor interac-
tion in vivo, then it is likely that M3 antagonists will inhibit
the activation of OSNs. Because odor stimulation of OSNs
leads to transient increases in intracellular calcium, calcium
imaging analysis was used to monitor OSNs activation. Com-
parisons were made between responses of individual,
acutely-dissociated OSNs from mice to either a mixture of 10
odorants or the same mixture containing either darifenacin
and pfHHSID, two different M3-selective antagonists. When
OSNs were stimulated with odors containing darifenacin, the
calcium responses of each OSN that responded to the odors
were significantly attenuated (FIGS. 9 and 10). The decrease
was independent of the sequence of the stimulation, as admin-
istering the odor mixture or the odor mixture plus darifenacin
first yielded similar results (FIG. 9B). Consistent with obser-
vations made in heterologous cells (FIG. 6), the degree of
inhibition was different in different neurons that were
assumed to express different ORs (FIG. 10). Equivalent
results were observed using pfHHSID, another M3-selective
antagonist (FIGS. 9C and 9D, and FI1G. 10). While not limited
to a particular mechanism, together, these results support the
idea that, for example, M3 enhances the function of ORs and
that the state of M3 activation affects the odor-mediated acti-
vation of ORs in OSNS.

Example VI

This example shows that expression of M3 does not
increase the cell-surface expression of OR. Since previously
identified cofactors RTP1 and RTP2, as well as the f2AR and
P2Y1 receptors, promote the cell surface trafficking of ORs
(see, e.g., H. Saito, M. Kubota, R. W. Roberts, Q. Chi, H.
Matsunami, Cell 119, 679 (Nov. 24, 2004); C. Hague et al.,
Proc Natl Acad Sci USA 101, 13672 (Sep. 14, 2004); C. F.
Bush et al., J Biol Chem 282, 19042 (Jun. 29, 2007); each
herein incorporated by reference in its entirety), it was
hypothesized that M3 performs a similar role. However,
analysis using live-cell immunostaining and fluorescence-
activated cell sorting (FACS) of HEK293T cells expressing
Rho-tagged ORs or Rho-tagged ORs in the presence of M3,
revealed that M3 did not increase relative density of OR-S6 at
the cell surface, thus precluding the possibility that M3 func-
tions by supporting OR trafficking (FIGS. 11A and 11B).

Example VII

This example demonstrates that M3 shows synergistic
effects with RTP1. One way to better understand the mecha-
nism through which M3 acts is to determine whether the
potentiation of ORs by M3 is dependent on the expression of
other accessory factors. To do this, either Rho-tagged or
untagged ORs (OR-S6 or Olfr62) was cotransfected with a
combination of M3, RTP1S, and Ric-8B in HEK293T cells
and measured OR responses by generating dose-response
curves. It was found that while untagged ORs showed rela-
tively poor odor responses in the presence of M3 or RTP1S
alone, the response was dramatically enhanced when both M3
and RTP1S were coexpressed with ORs (FIGS. 12A and
12B). When this assay was performed with Rho-tagged ORs,
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similar synergism was observed between M3 and RTP1S,
though OR responses were significantly enhanced as com-
pared to the untagged receptors (FIGS. 12C and 12D). Ric8b
did not significantly affect OR responses in our assay. While
not limited to a particular mechanism, these results suggest,
for example, that M3 and RTP1S synergistically enhance the
function of ORs, indicating that M3 acts by enhancing the
signaling of ORs that are membrane-targeted by the RTPs and
further supports the idea that M3’s functional role is unique
from that of previously identified accessory proteins.

To determine if functional interactions between OR and
M3 alters the native signaling pathways of these two recep-
tors, HEK293T cells coexpressing OR, RTP, and M3 were
stimulated with forskolin, an adenylyl cyclase activator.
Enhanced responses were observed only when OR-S6,
RTPI1S and M3 were all coexpressed, suggesting that, for
example, cell surface OR and M3 coexpression together
potentiate adenylyl cyclase activation without OR ligands
(FIG. 7B). This is consistent with the idea that M3 facilitates
efficient signal transduction. When stimulated with ionomy-
cin, a calcium ionophore, reporter gene responses were not
seen, indicating that, for example, ionomycin has no effects
(FIG. 7C). Finally when stimulated with an M3 agonist car-
bachol, dramatic synergistic effects were observed when cells
were stimulated with more than 1 uM of carbachol, but only
when OR, RTP1S and M3 were coexpressed. While not lim-
ited to a particular mechanism, these results suggest, for
example, that at high concentrations of carbachol, M3 acti-
vation can lead to transactivation of ORs (FIG. 7A).

Example VIII

This example shows that M3 does not affect the ligand
specificity of ORs. To determine whether coexpressing M3
alters the ligand specificity of ORs, cells that express either
ORs or ORs and M3 were stimulated with a number of known
OR ligands or non-ligands. It was found that for both OR-S6
and Olfr62, M3 potentiated each odor-specific response with-
out altering the relative response levels among the odors,
suggesting that M3 plays little or no role in OR ligand selec-
tivity (FIG. 13).

Example IX

This example shows that M3 increases cAMP production
upon OR activation. To verify that M3 does not increase the
luciferase reporter gene activity by mechanisms independent
of OR-mediated cAMP production, the changes in cAMP
levels in cells coexpressing OR-S6 and accessory factor
RTP1S with and without M3 following odor stimulation were
quantified. When OR, RTP1S, and M3 were coexpressed, the
background level was slightly higher than other conditions.
Following stimulation with the OR-S6 ligand nonanedioic
acid, a dramatic increase in cellular cAMP levels in cells
coexpressing M3 was observed, mirroring the results
obtained in the luciferase gene reporter assays (FIG. 14).
While not limited to a particular mechanism, these results
confirm that, for example, M3 modulates the OR signal trans-
duction pathway at or upstream to cAMP production.

Using this same assay, it was also that the rise in cAMP
following OR stimulation is even more dramatic in the pres-
ence of carbachol at 107"M (FIG. 15).

Example X

This example shows that activation of the OR leads to
transactivation of M3. Since M3 potentiates OR signaling, the
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possibility that OR activation may also enhance M3 signaling
was considered. M3 was expressed, both with and without
OR-S6 and its accessory factors in HEK293T cells, and moni-
tored calcium release following stimulation with carbachol or
odor. No calcium response was observed when HEK293T
cells expressing OR-S6 alone were stimulated with
nonanedioic acid. As a positive control for OR expression,
cells coexpressing ORs and G, 5,5 @ promiscuous, chimeric
G-protein, was shown to generate a calcium response follow-
ing stimulation with nonanedioic acid (FIG. 16) (see, e.g., H.
Zhuang, H. Matsunami, J Biol Chem 282, 15284 (May 18,
2007); herein incorporated by reference in its entirety).

In contrast to OR-S6, M3 is a G -coupled receptor, and
stimulation of M3-expressing cells with carbachol resulted in
a robust calcium response. No response was observed when
these cells were stimulated with nonanedioic acid.

However, when OR-S6 and its cofactors were coexpressed
with M3, stimulation with nonanedioic acid alone elicited a
strong calcium response. This response required M3 activa-
tion, since this response was abolished by costimulating the
same cells with odor and the M3 antagonist atropine. While
not limited to a particular mechanism, these results suggest
that the effects of M3 and OR are mutual.

Example XI

This example describes the physical interaction of M3 and
the OR. Based on the functional interaction between M3 and
ORs, it was hypothesized that they may interact to form stable
heteromers. To assess this possibility, co-immunoprecipita-
tion studies were carried out by coexpressing N-terminal
HA-tagged M3 and Flag-tagged OR-S6 in HEK293T cells.
Flag-tagged OR-S6 was expressed on the cell surface and
responded to its ligand nonanedioic acid (FIG. 17 and FIG.
18). When Flag-tagged M3 was precipitated from the cell
extract with anti-Flag antibodies, HA-tagged S6 proteins
were co-purified. Conversely, when precipitated cell extracts
with anti-HA antibodies were precipitated, Flag-tagged S6
proteins could be detected (FIG. 19). No co-precipitation was
detected when HA-tagged CD28, a negative control, was
expressed (FIG. 19A). When Flag-S6 was coexpressed with
other HA-tagged GPCRs, M3 and M2 were coprecipitated. In
contrast, other GPCRs were not efficiently copurified with the
OR. While not limited to a particular mechanism, M3 and S6
likely interact to form stable, functional complexes in
HEK293T cells. Interaction between M2 and the OR may, for
example, explain inhibition of activation of ORs by M2 (FIG.
2). Since M2 immunoreactivity was not observed in the olfac-
tory cilia (FIG. 5), M2 is likely to have no physiological role
in olfactory transduction in vivo.

Example XII

This example provides the materials and methods for
Examples [-XI.
DNA and Vector Preparation

The open reading frames were amplified using Phusion
polymerase (Finnzymes) according to manufacturer proto-
cols. cDNA template was prepared from CS57BL/6 mice
described previously (see, e.g., H. Saito, M. Kubota, R. W.
Roberts, Q. Chi, H. Matsunami, Cell 119, 679 (Nov. 24,
2004); herein incorporated by reference in its entirety).
Amplified fragments were subcloned into pCI (Promega) for
sequence verification.
Dual Glo Luciferase Assay and Chemicals

HEK293T cells Hana3 A cells were maintained in minimal
essential medium (MEM) containing 10% fetal bovine serum
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(M10) and penicillin-streptomycin and amphotericin solu-
tion. Lipofectamine 2000 (Invitrogen) was used for transfec-
tion following manufacturer’s protocols. The Dual-Glo
Luciferase Assay System used here was carried out as
described previously (see, e.g., H. Zhuang, H. Matsunami,
Nat Protoc 3, 1402 (2008); herein incorporated by reference
in its entirety). Briefly, cAMP response element (CRE)-lu-
ciferase (Stratagene) was used to measure OR activation.
Renilla luciferase driven by a constitutively active simian
virus 40 (SV40) promoter (pRL-SV40; Promega) served as
an internal control for cell viability and transfection effi-
ciency. Cells were plated on poly-D-lysine-coated 96-well
plates (NUNC) 2 days prior to assay. Cells were transfected
with ORs in either Hana3 A or HEK293T cell lines along with
various combinations of RTP1S, Ric-8b, M3, CRE-lu-
ciferase, and pRL-SV40. 18-24 hours after transfection, cells
were rinsed with 50 pl of CD293 (Invitrogen) and stimulated
with 25 pl of odorant solution dissolved in CD293. Cells were
incubated for 4 hours at 37° C. and 5% CO, before luciferase
assays. Protocols for measuring luciferase and Renilla
luciferase activities were as described by the manufacturer
(Promega). Normalized luciferase activity was calculated
with the formula (L,~L,,,, )Y (L,,..~L,.0. where Ly, is the
luminescence of firefly luciferase in response to the odorant,
L, is the minimum luciferase value on a plate or set of
plates, and L,,, ... is the maximum luciferase value on a plate or
set of plates. The data was analyzed with Microsoft Excel and
GraphPad Prism 5. Odorants and muscarinic agonists and
antagonists were from Sigma except for darifenacin, which
was purchased from Santa Cruz.

In-Situ Hybridization, Immunohistochemistry,

The procedure for in situ hybridization was previously
described (see, e.g., H. Saito, M. Kubota, R. W. Roberts, Q.
Chi, H. Matsunami, Cell 119, 679 (Nov. 24, 2004); herein
incorporated by reference in its entirety). Briefly, Dig labeled
cRNA probes were used to hybridize target mRNAs on fresh
frozen tissues. Hybridization signals were detected with anti-
DIG-AP (Roche) and NBT-BCIP (Promega). For immuno-
histochemistry, fresh frozen sections were incubated with
anti-M3 (Sigma), anti-M1 (Sigma), anti-M5 (Sigma) and
anti-ACIII (Santa Cruz). After washing, tissues were incu-
bated with Cy-3 conjugated anti-rabbit IgG (Jackson Immu-
nologicals)

Calcium Imaging

For calcium imaging of acutely dissociated OSNs, the pro-
tocol as described previously with modifications was fol-
lowed (see, e.g., B. Malnic, J. Hirono, T. Sato, L.. B. Buck,
Cell 96, 713 (Mar. 5, 1999); T. Sato, J. Hirono, M. Tonoike,
M. Takebayashi, ] Neurophysiol 72, 2980 (December, 1994);
each herein incorporated by reference in its entirety). Dis-
sected adult mouse olfactory epithelium was treated with
0.025% trypsin (Invitrogen) for 12 min at 37° C. Minced
tissues were then “printed” on poly-D-lysine-coated cover
glasses. Cells were loaded with 4 uM Fluo-4 (Invitrogen) and
7 uM Fura red (Invitrogen) for 60 min at room temperature.
Data acquisition and odor stimulation were performed as
described previously (see, e.g., Y. Ishimaru et al., Proc Natl
Acad Sci USA 103, 12569 (Aug. 15, 2006); herein incorpo-
rated by reference in its entirety). Briefly, the Live Imaging
mode of Leica confocal microscope was used to record cal-
cium-dependent cell fluorescence. Cells were exposed to a
constant flow of bath solution (Hanks buffer containing 10
mM HEPES). Odor solution (mix of 10 odorants: isoeugenol,
vanillin, coumarin, nonanoic acid, heptanal, benzyl acetate,
nonanediol, acetophenone, octanol, and (-)-carvone at 10 uM
each) were applied for ~8 sec by changing the bath solution
with a peristaltic pump.
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For data analysis, neurons were first counted by identifying
those cells that showed a clear calcium response to KCI1. Of
these cells, cells that showed a response to the odor mix
and/or odor mix+antagonist were then marked for further
analysis. Fach field recorded typically contained 40-200
KCl-responding cells and 1-5 odor-responding cells.

Euler’s trapezoidal method was used to calculate and com-
pare the responses to odor mix or mix+antagonist of each cell
(FIG. 20) (see, e.g., T. M. Wolever, D. I. Jenkins, A. L.
Jenkins, R. G. Josse, Am J Clin Nutr 54, 846 (November,
1991); herein incorporated by reference in its entirety). Spe-
cifically, area A, ,,; under the total response curve between t,
and t=, defined for a total of 30 seconds prior and post to the
response maxima, was calculated by summing the net
response r, and r,,, multiplied by the duration of the
response. The responses were added in single second incre-
ments, so that the trapezoid method sums the response under-
neath the curve between any two consecutive seconds (ie.
Between t, and t,, the area A; would equal (r, +r,)*t, where
t=1. To normalize A, ,,; against the background of each cell,
a baseline curve was drawn using the average baseline
response t,,., of the first four of the 20 r,, values, which were
the net response values before cell stimulation. r, ., was next
multiplied by 20 seconds, which was the total time interval
monitored for each cell to get A, . This baseline area A,
was subtracted from the net response of each cell calculated
using the trapezoid method, leaving what is a A, _, value that
defines only the area underneath the response curve. The A,
for odor and odor+antagonist were compared using the stu-
dent’s paired t-test. A total of 34 and 36 cells were used for
each t-test analysis for the two different antagonists, respec-
tively. All data analysis was done with Image J, Igor Pro, and
Microsoft Excel.

Calcium imaging with HEK293T cells was performed as
described (see, e.g., Y. Ishimaru et al., Proc Natl Acad Sci
USA 103, 12569 (Aug. 15, 2006); herein incorporated by
reference in its entirety).

Immunocytochemistry and Fluorescence-Activated Cell
Sorting Analysis

For cell surface staining and fluorescence-activated cell
sorting (FACS), the protocol as described previously was
followed (see, e.g., H. Zhuang, H. Matsunami, Nat Protoc 3,
1402 (2008); herein incorporated by reference in its entirety).
Briefly, cells were incubated in MEM+10% FBS containing
mouse monoclonal antibody to rhodopsin, 4D2 (see, e.g., D.
W. Laird, R. S. Molday, Invest Ophthalmol V is Sci 29, 419
(March, 1988); herein incorporated by reference in its
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entirety) at 4° C. for 30 minutes. After washing, cells were
incubated with Cy3-conjugated donkey anti mouse IgG
(Jackson Immunologicals), washed, and mounted for obser-
vation. For FACS analysis, HEK293T cells expressing Rho-
tagged ORs were labeled with phycoerythrin (PE)-conju-
gated anti-mouse IgG (Jackson Immunologicals). GFP was
cotransfected as a positive control marker. Quantification of
the intensity of OR cell surface expression were taken as the
ratio of PE to GFP fluorescence. 7-amino-actinomycin D
(Calbiochem) was used to stain the cells before flow cytom-
etry to mark dead cells, which were excluded from the analy-
sis.

cAMP Assay

Alphascreen cAMP assay (Perkin Elmer) was used to mea-
sure changes of cAMP. Cells were plated on 96-cell plate
(poly D lysine coated, NUNC). 24 hours after transfection,
cells were washed in Hanks containing 5 mM HEPES, 0.1%
BSA and 500 uM IBMX for 30 minutes. The cells were then
stimulated with Hanks containing 5 mM HEPES, 0.1% BSA
and 500 uM IBMX and corresponding chemicals. The stimu-
lated cells were incubated for 10 min at room temperature
before lysis. The manufacture’s protocol was used to measure
cAMP.

Immunoprecipitation

Immunoprecipitation was performed as described (see,
e.g., H. Saito, M. Kubota, R. W. Roberts, Q. Chi, H. Matsu-
nami, Cell 119, 679 (Nov. 24, 2004); herein incorporated by
reference in its entirety). Briefly, HEK293T cells were plated
and transfected with ORs, RTP1S, and M3 c¢DNAs. Cells
were incubated for 24 hours at 37° C. and 5% CO, and placed
in lysis buffer (50 mM Tris [pH 7.4], 150 mM NaCl, 1%
NP-40) containing proteinase inhibitor mix (complete mini,
Roche). The lysates were incubated with anti-Flag M2 affin-
ity gel (Sigma) or anti-HA affinity matrix (Roche) for 2 hr at
4° C. and washed with lysis buffer. The bound proteins were
then eluted by incubating with SDS sample buffer at room
temperature for 2 hours. SDS-PAGE and Western blotting
were performed according to Mini-Protean 3 Cell (Bio-Rad)
instruction manual.

All publications and patents mentioned in the above speci-
fication are herein incorporated by reference. Although the
invention has been described in connection with specific
some embodiments, it should be understood that the inven-
tion as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described
modes for carrying out the invention that are obvious to those
skilled in the relevant fields are intended to be within the
scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11

<210> SEQ ID NO 1

<211> LENGTH: 1383

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atgaacacct cagtgcccee tgctgtcagt cccaacatca cegtcettgge accaggaaag 60
ggtccctgge aagtggcatt catcgggatce accacaggec tectgtetet ggetacagtg 120
acaggcaacce tgctggtget catctectte aaggtcaaca cagagctcaa gacagtcaac 180
aactacttece tgctgagect ggectgtget gatctcatca ttggcacttt ctccatgaac 240
ctctatacca catacctget catgggecac tgggetcetgg gecacactgge ctgtgaccte 300
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-continued
tggctggece tggactatgt ggccagcaac gectctgtea tgaatcttet gectcatcage 360
tttgaccgtt acttctcagt gacccgacce ctgagctace gagccaagceyg cactccccge 420
agggcagcte tgatgattgg cctegegtgg ttggtttect tegttetetyg ggecccagece 480
atcctettet ggcaatacct agttggggag cggacagtge tggcetgggea gtgctacate 540
cagttecctet cccaacccat catcactttt ggcacagceca tggecgectt ctacctecct 600
gtcacagtca tgtgtacgct gtactggege atctaccggg agacagaaaa ccgagcccgyg 660
gagctagcag ccctacaggg ctctgagaca ccaggcaaag gtggtggcag cagcagcagce 720
tcagagaggt cacagccagg agctgaaggce tcacccgagt cacctccagyg ccgetgetgt 780
cgetgttgee gggcacccag acttctgecag gectacaget ggaaagaaga agaggaagag 840
gatgaaggct ccatggagtc cctcacatcce tcectgaaggtg aggagectgg ctcagaagtg 900
gtgatcaaga tgcctatggt agatcctgag gcacaggcac ccaccaagca gectcccaaa 960
agctccccaa atacagtcaa gaggcccacce aagaaaggec gagaccgagyg cggcaaaggce 1020
caaaaaccce gagggaagga acaactggec aagagaaaga ccttctcact ggtcaaggag 1080
aagaaggcag ctcggaccct gagtgccatc ctgectggect tcatcctcac ctggacacca 1140
tataacatca tggtgctggt gtctacattc tgcaaggact gtgttccaga aaccctatgg 1200
gagctgggcet actggctttg ctacgtcaac agcactgtca accccatgtg ctacgcactce 1260
tgcaacaaag cctteccggga cacttteccge ctgetgttge tetgececgcectg ggacaagegg 1320
cgetggegea aaatccccaa gegcecctgge tetgtgcace gcaccccecte ccgecaatge 1380
taa 1383
<210> SEQ ID NO 2
<211> LENGTH: 1401
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
atgaataact caactaactc ctcgaacaat ggtttggcta ttaccagtcce ttacaagaca 60
tttgaagtgg tatttattgt ccttgtggct ggatccctca gtctggtgac catcattggg 120
aacattctag tcatggtttc cattaaagtc aaccgccacce ttcagactgt caacaattac 180
ttecttgttca gectggectyg tgctgaccte atcataggtg ttttctccat gaacttgtat 240
accctetaca ctgtgattgg ctactggect ttgggacctyg tagtgtgega cctttggcta 300
gecttggact atgttgtcag caatgectcce gttatgaatce ttcectcatcat cagetttgat 360
agatacttct gtgtcacaaa acctctaacc tacccagtta agcggaccac aaaaatggca 420
ggcatgatga ttgcagctge gtgggttett tecttecatce tetgggecce agecattcete 480
ttectggcagt tcatcgtagg ggtaaggact gtggaagacyg gggagtgcta cattcagtte 540
tttteccaacyg ctgccgtcac ctttggeact gecattgegyg ctttetatet gectgtcate 600
atcatgactg tgctctattg gcacatatce cgggcgagca agagcagaat aaagaaagaa 660
aagaaggaac cagtggccaa ccaagacccg gtgtctcecga gtctagtgca aggaagaatt 720
gtaaagccaa acaacaacaa catgcectggt ggtgatggtg gectggagca caacaagatce 780
cagaatggca aggctccgceg ggacggtggg actgaaaact gegttcaggyg ggaggagaaa 840
gaaagctcca acgactccac gtctgtcagt gecgtggect ccaacatgag agatgatgag 900
ataacccagg atgaaaacac ggtttccact tceectgggec actccaaaga tgacaactct 960
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aggcagacat gcatcaaaat tgtcaccaag acccaaaagg gtgacgcatyg cacaccaaca 1020
agtaccacag tagaactagt gggatcgtca ggtcagaatg gtgatgaaaa gcagaacatt 1080
gtagccegea aaattgtgaa gatgaccaag cagcctgcca aaaagaagcc tectccatcece 1140
cgggaaaaga aagtgaccag gacaatcttg gctatcctgt tggctttcat catcacgtgg 1200
gcgccataca atgtcatggt gctcatcaat accttcectgtg caccctgecat ccccaataca 1260
gtgtggacaa ttggctactg gctcectgttac attaatagca ccatcaaccc tgcctgctat 1320
gcactttgta acgccacctt caaaaagact tttaagcacc tceccttatgtg tcattacaag 1380
aacataggcg ctacaaggta a 1401
<210> SEQ ID NO 3
<211> LENGTH: 1770
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
atgaccttgce acagtaacag tacaacctcg cctttgttte ccaacatcag ctcttectgg 60
gtgcacagte cctcagagge ggggcetgece ttggggacag tctctcaatt ggacagctac 120
aacatttcce aaacctctgg gaatttctece tcaaatgaca cctecagtga ccctectaggg 180
ggccacacca tctggcaagt ggtcttcatt geattcettga ctggettect ggeattggtg 240
accatcatcg gcaacatcct tgtcattgtg geatttaagg tcaacaaaca gctgaagaca 300
gtcaacaact acttcctctt aagectggcece tgcgcagatce tgatcatcgg ggtcatttec 360
atgaacctgt tcacgaccta catcattatg aaccgctggg ctetggggaa cttagectgt 420
gacctetgge ttteccattga ctatgtggcece agcaatgett ctgtcatgaa tcetgetggty 480
atcagetttyg acaggtactt ttctattacc aggccactca cttaccgage caaacgaaca 540
acaaaacgag ccggtgtgat gattggtetg gettgggtea tetectttgt cctgtggget 600
cctgecatet tgttetggca atactttgta gggaagagaa ctgtgcccece cggagaatgt 660
ttcattcagt ttctaagtga gcccaccatce acctteggea cggegatcege tgccttttac 720
atgcctgtca ccatcatgac tattttatac tggagaatct ataaggagac tgagaaacgt 780
accaaagagc tggctgggcet acaggectcet gggacagaag cggaagcaga aaactttgte 840
cacceccacag gcagttctceg aagctgtage agetatgage tacaacagca aggcacgaaa 900
cggtcatcta ggaggaagta tggtggetgt cacttcetggt tcacaactaa gagctggaag 960
cccagtgetyg agcagatgga ccaagaccac agtagcagtyg acagttggaa taacaacgat 1020
gctgetgect ccctggaaaa ctetgcettet tectgatgaag aggatattgg ctcagagacce 1080
agagccatct attccattgt actcaagctg ccgggtcata gcaccatcct caactctacce 1140
aagctaccct cctcagataa cctgcaggtg ccagacaagg acctggggac tatggatgta 1200
gagagaaatg cccataagct tcaggcccag aagagtatgg atgaccgtga caactgtcag 1260
aaggacttct ccaagctceccce catccagtta gagtctgecg tggacacagce caagacctct 1320
gacaccaact cctcggtgga caagaccacg gccgctctac ctectgtecctt caaagaagcec 1380
acgctggcta agaggtttgce tcectcaagacc agaagtcaga tcaccaagcg gaaaaggatg 1440
tcgctcatca aggagaagaa ggccgcccag acactcagtg ccatcttget ggctttcatce 1500
atcacgtgga ccccctacaa catcatggtce ctggtgaaca ccttcectgtga cagctgcata 1560
cccaaaacct attggaatct gggctactgg ctgtgctata tcaacagcac cgtgaacccce 1620
gtgtgctatg ccctgtgcaa caagacattc agaaccacct tcaagatgcet tctettatge 1680
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cagtgtgaca agaggaagcg gcgcaaacag cagtaccagc agagacagtc cgtcattttt 1740
cacaagcgag tgcctgagca ggccttgtag 1770
<210> SEQ ID NO 4
<211> LENGTH: 1440
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
atggcgaact tcacacctgt caatggcage tcagccaatce agtctgtgeg cctggtcaca 60
acagcccaca accacctgga gacagtggag atggtgtteca ttgcgacagt gactggttce 120
ctgagectgg tgactgtggt gggtaacatce ctggtgatge tgtccatcaa ggtcaacagg 180
cagttgcaga cagtcaacaa ctacttcctg ttcagcctgg cgtgtgcaga tctcatcata 240
ggggegttet ctatgaacct ttacacctta tacatcatca agggctactg geccctgggt 300
geegtggtet gtgacctgtyg getggecctg gactatgtgg tgagcaatge ctetgtcatg 360
aaccttcteca tcatcagett tgaccgetat ttetgcegtea ccaagcccect cacctatcca 420
geeegecgea ctactaagat ggcaggectce atgattgcag cegectgggt cttgtccttt 480
gtactctggyg ccectgccat cttgttetgg cagtttgtgg tgggcaagag gacagtgect 540
gataaccagt gcttcatcca gttettgtcee aacccggegg tgaccttegg cacagccatt 600
getgecttet acctgectgt ggtcatcatg acggtgetgt atattcatat ctegetggece 660
agccgeagee gtgttcacaa gcatcgaccce gagggceccca aggagaagaa ggccaagact 720
ctggetttee tcaagagcce tctgatgaag ccgagcatta agaaacctece accaggggge 780
gettetegayg aggaactgeg caacgggaag ctagaagagg ctectecgec agecctgecce 840
cegectecac geccagtgge tgacaaggac acttccaatyg agtccagetce aggcagtgece 900
acccagaaca ccaaggaacg gccacccaca gagcetgteca ccacagaggce cgccaccaca 960
ccagegetge ccgcetectac cctgcageca cgaaccctea acccagecte caagtggtcece 1020
aagatccaaa ttgtgacaaa gcagacaggc agtgaatgtg tgactgccat cgagatcgta 1080
cctgccacge cagctggtat gcegcccagca gccaatgtgg cccgaaagtt tgccagcatce 1140
gctegtaace aggtgcgcaa gaageggcag atggceggece gggagcegcaa agtgactegg 1200
acaatctttg ccattctget ggccttcate ctcacctgga caccctacaa tgtcatggtce 1260
ctggtgaaca ccttttgcca gagctgtate cccgaaaggg tgtggtccat cggctactgg 1320
ctctgctacg tcaacagcac gatcaaccct gcctgctatg cactctgcaa tgccacttte 1380
aaaaagacct tccggcacct tttgctgtge cagtatcgga acatcggcac agccaggtag 1440
<210> SEQ ID NO 5
<211> LENGTH: 1599
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5
atggaagggg agtcttatca caatgaaacc actgtcaacyg gcaccccagt aaatcaccag 60
getttggaac geccatggact gtgggaagtc attactattg cagctgtgac cgetgtggte 120
agtctgatga ccattgtcgg caatgtettg gtcatgatcet ccttcaaagt caacagtcag 180
ctcaagacag ttaacaacta ttacctgetce agettggect gtgcagacct catcattgge 240
atcttctcca tgaacctcta cacgacctac atcctcatgg gacgetgggt tcetegggagt 300
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ctggectgtyg acctttgget tgcactegac tatgtageca gcaacgctte tgtcatgaac 360
cttetggtga ttagetttga tcgttacttt tecatcacaa gaccactgac ataccgagece 420
aagcgtacce caaagagggc tggcatcatg atcggettgg catggetggt ctecttcate 480
ctetgggege cagecatect ctgctggeag tacttggteg ggaagcggac agtaccacct 540
gatgagtgcce agatccagtt cctctcectgag cccaccatca cttttgggac cgecattgece 600
getttcetata tecectgtcete cgtcatgace atactctact gecggatcta cecgggaaaca 660
gagaaacgaa ccaaggacct ggctgacctc caaggttccg attctgtggce agaagtcaag 720
aagagaaaac cggctcacag gaccctgete agatctttet ttagetgece tagacccage 780
ctggeccaga gagtacggaa ccaggcectece tggtcatcect ceegtagaag cacctcaaca 840
acgggaaagc caacccaggc cactgatcta agtgctgact gggaaaaggce tgagcaggtt 900
accaactgta gcagctgcce ctcecttcagag gacgaagceca aggccaccac tgaccctgte 960
tttcaagtgg tctgcaagaa tgaggccaag gaaagcccegg ggaaggaatt caatacccaa 1020
gagaccaagg aaacgtttgt gagccctecgg actgaaaaca atgactatga cactcccaag 1080
tacttcetgt ctccaggtge tgctcacaga ctcaagagtc agaagtgtgt tgcctataag 1140
ttccgattgg tggtaaaage tgacgggacce caggagacaa acaatggctg tcgtaaggtg 1200
aaaatcatgc cctgttcett cccagtgtce aaagaccctt caacaaaagg cctggatccce 1260
cacctcagece atcaaatgac caaacgaaag agaatggtece tagtcaaaga gaggaaagcg 1320
gcgcagacct tgagcgccat tctectggec ttcatcatca catggactcec ttataacatce 1380
atggtccectgg tttccacctt ctgtgacaag tgtgtccectg tcaccctgtg gcacttgggt 1440
tactggctgt gctatgtcaa cagcaccatc aaccccatct gttacgctcet ctgcaacaga 1500
accttcagga agacctttaa gcectgctgett ctetgceggt ggaaaaagaa aaaagtagaa 1560
gagaaattgt attggcaagg caacagcaag ctaccctga 1599
<210> SEQ ID NO 6
<211> LENGTH: 684
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6
atgtgtaaga gtgtgaccac aggtgagtgg aagaaggtct tctacgagaa gatggaggag 60
gtgaagccayg cggacagctg ggacttcatc atagacccca acctcaagca caatgtgttg 120
geeectgget ggaagcagta cctggaactt catgectcag gecaggttceca ctgttectgg 180
tgctggcaca cctggcagtce accccatgta gtcatcctet tcecacatgta cctggacaag 240
gctecagegeyg ctggtteggt gegeatgegt gtgttcaage agetctgeta cgagtgeggt 300
acagcacggce tggatgagtc cagcatgcetg gaggagaaca tcgaaagcect ggtggacaac 360
ctcatcacca gtttgcgaga gcagtgctac ggggagegtyg gtggccacta ccgcatccat 420
gtggccagee ggcaggacaa ccggcgacac cgcggagagt tcetgcgagge ctgccaggaa 480
ggcatcgtyge actggaagcece cagtgagaag ctgctggagg aggaggcgac cacctacacce 540
ttctecegtyg ctceccagece caccaaaccg caggctgaaa caggctcagyg ctgcaactte 600
tgctecatte cctggtgett attttgggee acggttttga tgctcatcat ctacctgcaa 660
ttctecttee gtacttcectgt ctaa 684

<210> SEQ ID NO 7
<211> LENGTH: 460
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<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1
Ala
Gly
Ser
Leu
65

Leu

Ala

Arg

Met

145

Ile

Gln

Ala

Trp

Leu

225

Ser

Gly

Ser

Thr

Pro

305

Ser

Gly

Lys

Ala

385

Asn

Pro

Leu

Phe

50

Ser

Tyr

Cys

Met

Pro

130

Ile

Leu

Cys

Met

Arg

210

Gln

Glu

Arg

Trp

Ser

290

Met

Ser

Gly

Thr

Ile
370

Leu

Thr

Gly

Leu

35

Lys

Leu

Thr

Asp

Asn

115

Leu

Gly

Phe

Tyr

Ala

195

Ile

Gly

Arg

Cys

Lys

275

Ser

Val

Pro

Lys

Phe
355

Leu

Val

Ser

Lys

20

Ser

Val

Ala

Thr

Leu

100

Leu

Ser

Leu

Trp

Ile

180

Ala

Tyr

Ser

Ser

Cys

260

Glu

Glu

Asp

Asn

Gly
340
Ser

Leu

Ser

Homo sapiens

7

Val

Gly

Leu

Asn

Cys

Tyr

85

Trp

Leu

Tyr

Ala

Gln

165

Gln

Phe

Arg

Glu

Gln

245

Arg

Glu

Gly

Pro

Thr

325

Gln

Leu

Ala

Thr

Pro

Pro

Ala

Thr

Ala

70

Leu

Leu

Leu

Arg

Trp

150

Tyr

Phe

Tyr

Glu

Thr

230

Pro

Cys

Glu

Glu

Glu

310

Val

Lys

Val

Phe

Phe
390

Pro

Trp

Thr

Glu

55

Asp

Leu

Ala

Ile

Ala

135

Leu

Leu

Leu

Leu

Thr

215

Pro

Gly

Cys

Glu

Glu

295

Ala

Lys

Pro

Lys

Ile
375

Cys

Ala

Gln

Val

Leu

Leu

Met

Leu

Ser

120

Lys

Val

Val

Ser

Pro

200

Glu

Gly

Ala

Arg

Glu

280

Pro

Gln

Arg

Arg

Glu
360

Leu

Lys

Val

Val

25

Thr

Lys

Ile

Gly

Asp

105

Phe

Arg

Ser

Gly

Gln

185

Val

Asn

Lys

Glu

Ala

265

Asp

Gly

Ala

Pro

Gly
345
Lys

Thr

Asp

Ser

10

Ala

Gly

Thr

Ile

His

90

Tyr

Asp

Thr

Phe

Glu

170

Pro

Thr

Arg

Gly

Gly

250

Pro

Glu

Ser

Pro

Thr

330

Lys

Lys

Trp

Cys

Pro

Phe

Asn

Val

Gly

75

Trp

Val

Arg

Pro

Val

155

Arg

Ile

Val

Ala

Gly

235

Ser

Arg

Gly

Glu

Thr

315

Lys

Glu

Ala

Thr

Val
395

Asn

Ile

Leu

Asn

60

Thr

Ala

Ala

Tyr

Arg

140

Leu

Thr

Ile

Met

Arg

220

Gly

Pro

Leu

Ser

Val

300

Lys

Lys

Gln

Ala

Pro
380

Pro

Ile

Gly

Leu

45

Asn

Phe

Leu

Ser

Phe

125

Arg

Trp

Val

Thr

Cys

205

Glu

Ser

Glu

Leu

Met

285

Val

Gln

Gly

Leu

Arg
365

Tyr

Glu

Thr

Ile

30

Val

Tyr

Ser

Gly

Asn

110

Ser

Ala

Ala

Leu

Phe

190

Thr

Leu

Ser

Ser

Gln

270

Glu

Ile

Pro

Arg

Ala
350
Thr

Asn

Thr

Val

15

Thr

Leu

Phe

Met

Thr

95

Ala

Val

Ala

Pro

Ala

175

Gly

Leu

Ala

Ser

Pro

255

Ala

Ser

Lys

Pro

Asp

335

Lys

Leu

Ile

Leu

Leu

Thr

Ile

Leu

Asn

80

Leu

Ser

Thr

Leu

Ala

160

Gly

Thr

Tyr

Ala

Ser

240

Pro

Tyr

Leu

Met

Lys

320

Arg

Arg

Ser

Met

Trp
400
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Glu

Cys

Leu

Pro

Leu Gly Tyr

Tyr

Leu

Gly
450

Ala

Cys
435

Ser

Leu
420

Arg

Val

Trp Leu
405
Cys Asn

Trp Asp

His Arg

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Pro

Leu

Lys

Leu

65

Thr

Asp

Asn

Leu

Ala

145

Phe

Tyr

Ala

Ile

Asn

Glu

Asn

Tyr

Ser

Val

50

Ala

Leu

Leu

Leu

Thr

130

Ala

Trp

Ile

Ala

Ser

210

Ala

Lys

Asn

Cys

Ser
290

Asn

Asn

Lys

Leu

35

Asn

Cys

Tyr

Trp

Leu

115

Tyr

Ala

Gln

Gln

Phe

195

Arg

Asn

Pro

Lys

Val
275

Ala

Thr

Ser

Thr

20

Val

Arg

Ala

Thr

Leu

100

Ile

Pro

Trp

Phe

Phe

180

Tyr

Ala

Gln

Asn

Ile

260

Gln

Val

Val

466

Homo sapiens

8

Thr Asn

Phe Glu

Thr Ile

His Leu

Asp Leu

70

Val Ile
85

Ala Leu

Ile Ser

Val Lys

Val Leu

150
Ile Val
165
Phe Ser
Leu Pro
Ser Lys
Asp Pro

230

Asn Asn

245

Gln Asn

Gly Glu

Ala Ser

Ser Thr

Cys

Lys

Lys

Thr
455

Ser

Val

Ile

Gln

55

Ile

Gly

Asp

Phe

Arg

135

Ser

Gly

Asn

Val

Ser

215

Val

Asn

Gly

Glu

Asn
295

Ser

Tyr

Ala

Arg

440

Pro

Ser

Val

Gly

40

Thr

Ile

Tyr

Tyr

Asp

120

Thr

Phe

Val

Ala

Ile

200

Arg

Ser

Met

Lys

Lys

280

Met

Leu

Val
Phe
425

Arg

Ser

Asn

Phe

25

Asn

Val

Gly

Trp

Val

105

Arg

Thr

Ile

Arg

Ala

185

Ile

Ile

Pro

Pro

Ala
265
Glu

Arg

Gly

Asn
410
Arg

Trp

Arg

Asn

10

Ile

Ile

Asn

Val

Pro

90

Val

Tyr

Lys

Leu

Thr

170

Val

Met

Lys

Ser

Gly

250

Pro

Ser

Asp

His

Ser

Asp

Arg

Gln

Gly

Val

Leu

Asn

Phe

75

Leu

Ser

Phe

Met

Trp

155

Val

Thr

Thr

Lys

Leu

235

Gly

Arg

Ser

Asp

Ser

Thr

Thr

Lys

Cys
460

Leu

Leu

Val

Tyr

60

Ser

Gly

Asn

Cys

Ala

140

Ala

Glu

Phe

Val

Glu

220

Val

Asp

Asp

Asn

Glu
300

Lys

Val

Phe

Ile
445

Ala

Val

Met

45

Phe

Met

Pro

Ala

Val

125

Gly

Pro

Asp

Gly

Leu

205

Lys

Gln

Gly

Gly

Asp

285

Ile

Asp

Asn
Arg
430

Pro

Ile

Ala

Val

Leu

Asn

Val

Ser

110

Thr

Met

Ala

Gly

Thr

190

Tyr

Lys

Gly

Gly

Gly

270

Ser

Thr

Asp

Pro
415

Leu

Lys

Thr

15

Gly

Ser

Phe

Leu

Val

Val

Lys

Met

Ile

Glu

175

Ala

Trp

Glu

Arg

Leu

255

Thr

Thr

Gln

Asn

Met

Leu

Arg

Ser

Ser

Ile

Ser

Tyr

80

Cys

Met

Pro

Ile

Leu

160

Cys

Ile

His

Pro

Ile

240

Glu

Glu

Ser

Asp

Ser
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305

Arg

Cys

Asn

Thr

385

Ala

Ile

Ser

Lys

Thr
465

310

Gln Thr Cys Ile Lys Ile Val
325

Thr Pro Thr Ser Thr Thr Val
340

Gly Asp Glu Lys Gln Asn Ile
355 360

Lys Gln Pro Ala Lys Lys Lys
370 375

Thr Arg Thr Ile Leu Ala Ile
390

Pro Tyr Asn Val Met Val Leu
405

Pro Asn Thr Val Trp Thr Ile
420

Thr Ile Asn Pro Ala Cys Tyr
435 440

Thr Phe Lys His Leu Leu Met
450 455

Arg

<210> SEQ ID NO 9

<211> LENGTH: 589

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met

1

Ser

Thr

Phe

Trp

65

Thr

Gln

Asp

Ile

Ser
145

Ile

Ala

Thr Leu His Ser Asn Ser Thr
5

Ser Ser Trp Val His Ser Pro
20

Val Ser Gln Leu Asp Ser Tyr
35 40

Ser Ser Asn Asp Thr Ser Ser
50 55

Gln Val Val Phe Ile Ala Phe
70

Ile Ile Gly Asn Ile Leu Val
85

Leu Lys Thr Val Asn Asn Tyr
100

Leu Ile Ile Gly Val Ile Ser
115 120

Met Asn Arg Trp Ala Leu Gly
130 135

Ile Asp Tyr Val Ala Ser Asn
150

Ser Phe Asp Arg Tyr Phe Ser
165

Lys Arg Thr Thr Lys Arg Ala
180

Ile Ser Phe Val Leu Trp Ala
195 200

Thr

Glu

345

Val

Pro

Leu

Ile

Gly

425

Ala

Cys

Thr

Ser

25

Asn

Asp

Leu

Ile

Phe

105

Met

Asn

Ala

Ile

Gly

185

Pro

Lys

330

Leu

Ala

Pro

Leu

Asn

410

Tyr

Leu

His

Ser

10

Glu

Ile

Pro

Thr

Val

90

Leu

Asn

Leu

Ser

Thr
170

Val

Ala

315

Thr

Val

Arg

Pro

Ala

395

Thr

Trp

Cys

Tyr

Pro

Ala

Ser

Leu

Gly

75

Ala

Leu

Leu

Ala

Val
155
Arg

Met

Ile

Gln

Gly

Lys

Ser

380

Phe

Phe

Leu

Asn

Lys
460

Leu

Gly

Gln

Gly

60

Phe

Phe

Ser

Phe

Cys

140

Met

Pro

Ile

Leu

Lys

Ser

Ile

365

Arg

Ile

Cys

Cys

Ala

445

Asn

Phe

Leu

Thr

45

Gly

Leu

Lys

Leu

Thr

125

Asp

Asn

Leu

Gly

Phe
205

Gly

Ser

350

Val

Glu

Ile

Ala

Tyr

430

Thr

Ile

Pro

Pro

30

Ser

His

Ala

Val

Ala

110

Thr

Leu

Leu

Thr

Leu

190

Trp

Asp

335

Gly

Lys

Lys

Thr

Pro

415

Ile

Phe

Gly

Asn

15

Leu

Gly

Thr

Leu

Asn

95

Cys

Tyr

Trp

Leu

Tyr
175

Ala

Gln

320

Ala

Gln

Met

Lys

Trp

400

Cys

Asn

Lys

Ala

Ile

Gly

Asn

Ile

Val

80

Lys

Ala

Ile

Leu

Val
160
Arg

Trp

Tyr
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-continued

94

Phe

Leu

225

Met

Thr

Glu

Cys

Arg

305

Pro

Asn

Glu

Lys

Ser

385

Glu

Asp

Ala

Thr

Arg

465

Ser

Leu

Asn

Tyr

Leu

545

Gln

Ser

<210>
<211>
<212>
<213>

<400>

Val

210

Ser

Pro

Glu

Ala

Ser

290

Lys

Ser

Asn

Glu

Leu

370

Asp

Arg

Asn

Val

Thr

450

Phe

Leu

Ala

Thr

Trp

530

Cys

Cys

Val

Gly

Glu

Val

Lys

Glu

275

Ser

Tyr

Ala

Asn

Asp

355

Pro

Asn

Asn

Cys

Asp

435

Ala

Ala

Ile

Phe

Phe

515

Leu

Asn

Asp

Ile

Lys

Pro

Thr

Arg

260

Ala

Tyr

Gly

Glu

Asp

340

Ile

Gly

Leu

Ala

Gln

420

Thr

Ala

Leu

Lys

Ile

500

Cys

Cys

Lys

Lys

Phe
580

PRT

SEQUENCE :

Arg

Thr

Ile

245

Thr

Glu

Glu

Gly

Gln

325

Ala

Gly

His

Gln

His

405

Lys

Ala

Leu

Lys

Glu

485

Ile

Asp

Tyr

Thr

Arg
565

His

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Homo sapiens

479

10

Thr

Ile

230

Met

Lys

Asn

Leu

Cys

310

Met

Ala

Ser

Ser

Val

390

Lys

Asp

Lys

Pro

Thr

470

Lys

Thr

Ser

Ile

Phe

550

Lys

Lys

Val

215

Thr

Thr

Glu

Phe

Gln

295

His

Asp

Ala

Glu

Thr

375

Pro

Leu

Phe

Thr

Leu

455

Arg

Lys

Trp

Cys

Asn

535

Arg

Arg

Arg

Pro

Phe

Ile

Leu

Val

280

Gln

Phe

Gln

Ser

Thr

360

Ile

Asp

Gln

Ser

Ser

440

Ser

Ser

Ala

Thr

Ile

520

Ser

Thr

Arg

Val

Pro

Gly

Leu

Ala

265

His

Gln

Trp

Asp

Leu

345

Arg

Leu

Lys

Ala

Lys

425

Asp

Phe

Gln

Ala

Pro

505

Pro

Thr

Thr

Lys

Pro
585

Gly

Thr

Tyr

250

Gly

Pro

Gly

Phe

His

330

Glu

Ala

Asn

Asp

Gln

410

Leu

Thr

Lys

Ile

Gln

490

Tyr

Lys

Val

Phe

Gln
570

Glu

Glu

Ala

235

Trp

Leu

Thr

Thr

Thr

315

Ser

Asn

Ile

Ser

Leu

395

Lys

Pro

Asn

Glu

Thr

475

Thr

Asn

Thr

Asn

Lys

555

Gln

Gln

Cys

220

Ile

Arg

Gln

Gly

Lys

300

Thr

Ser

Ser

Tyr

Thr

380

Gly

Ser

Ile

Ser

Ala

460

Lys

Leu

Ile

Tyr

Pro

540

Met

Tyr

Ala

Phe

Ala

Ile

Ala

Ser

285

Arg

Lys

Ser

Ala

Ser

365

Lys

Thr

Met

Gln

Ser

445

Thr

Arg

Ser

Met

Trp

525

Val

Leu

Gln

Leu

Ile

Ala

Tyr

Ser

270

Ser

Ser

Ser

Asp

Ser

350

Ile

Leu

Met

Asp

Leu

430

Val

Leu

Lys

Ala

Val

510

Asn

Cys

Leu

Gln

Gln

Phe

Lys

255

Gly

Arg

Ser

Trp

Ser

335

Ser

Val

Pro

Asp

Asp

415

Glu

Asp

Ala

Arg

Ile

495

Leu

Leu

Tyr

Leu

Arg
575

Phe

Tyr

240

Glu

Thr

Ser

Arg

Lys

320

Trp

Asp

Leu

Ser

Val

400

Arg

Ser

Lys

Lys

Met

480

Leu

Val

Gly

Ala

Cys

560

Gln
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-continued

96

Met

Arg

Phe

Asn

65

Gly

Trp

Arg

Thr

145

Arg

Ala

Ile

225

Leu

Pro

Glu

Lys

Lys

305

Pro

Ser

Cys

Pro

385

Thr

Ala

Leu

Ile

Ile

50

Asn

Ala

Pro

Val

Tyr

130

Lys

Leu

Thr

Val

Met

210

His

Ala

Pro

Ala

Asp

290

Glu

Ala

Lys

Val

Ala
370

Arg

Ile

Asn

Val

Ala

35

Leu

Asn

Phe

Leu

Ser

115

Phe

Met

Trp

Val

Thr

195

Thr

Lys

Phe

Gly

Pro

275

Thr

Arg

Leu

Trp

Thr
355
Ala

Lys

Phe

Phe

Thr

20

Thr

Val

Tyr

Ser

Gly

100

Asn

Cys

Ala

Ala

Pro

180

Phe

Val

His

Leu

Gly

260

Pro

Ser

Pro

Pro

Ser

340

Ala

Asn

Lys

Ala

Thr

Thr

Val

Met

Phe

Met

85

Ala

Ala

Val

Gly

Pro

165

Asp

Gly

Leu

Arg

Lys

245

Ala

Pro

Asn

Pro

Ala

325

Lys

Ile

Val

Arg

Ile
405

Pro

Ala

Thr

Leu

Leu

70

Asn

Val

Ser

Thr

Leu

150

Ala

Asn

Thr

Tyr

Pro

230

Ser

Ser

Ala

Glu

Thr

310

Pro

Ile

Glu

Ala

Gln

390

Leu

Val

His

Gly

Ser

55

Phe

Leu

Val

Val

Lys

135

Met

Ile

Gln

Ala

Ile

215

Glu

Pro

Arg

Leu

Ser

295

Glu

Thr

Gln

Ile

Arg
375

Met

Leu

Asn

Asn

Ser

40

Ile

Ser

Tyr

Cys

Met

120

Pro

Ile

Leu

Cys

Ile

200

His

Gly

Leu

Glu

Pro

280

Ser

Leu

Leu

Ile

Val
360
Lys

Ala

Ala

Gly

His

25

Leu

Lys

Leu

Thr

Asp

105

Asn

Leu

Ala

Phe

Phe

185

Ala

Ile

Pro

Met

Glu

265

Pro

Ser

Ser

Gln

Val

345

Pro

Phe

Ala

Phe

Ser

10

Leu

Ser

Val

Ala

Leu

90

Leu

Leu

Thr

Ala

Trp

170

Ile

Ala

Ser

Lys

Lys

250

Leu

Pro

Gly

Thr

Pro

330

Thr

Ala

Ala

Arg

Ile
410

Ser

Glu

Leu

Asn

Cys

75

Tyr

Trp

Leu

Tyr

Ala

155

Gln

Gln

Phe

Leu

Glu

235

Pro

Arg

Pro

Ser

Thr

315

Arg

Lys

Thr

Ser

Glu
395

Leu

Ala

Thr

Val

Arg

60

Ala

Ile

Leu

Ile

Pro

140

Trp

Phe

Phe

Tyr

Ala

220

Lys

Ser

Asn

Arg

Ala

300

Glu

Thr

Gln

Pro

Ile
380

Arg

Thr

Asn

Val

Thr

45

Gln

Asp

Ile

Ala

Ile

125

Ala

Val

Val

Leu

Leu

205

Ser

Lys

Ile

Gly

Pro

285

Thr

Ala

Leu

Thr

Ala
365
Ala

Lys

Trp

Gln

Glu

30

Val

Leu

Leu

Lys

Leu

110

Ser

Arg

Leu

Val

Ser

190

Pro

Arg

Ala

Lys

Lys

270

Val

Gln

Ala

Asn

Gly

350

Gly

Arg

Val

Thr

Ser

15

Met

Val

Gln

Ile

Gly

95

Asp

Phe

Arg

Ser

Gly

175

Asn

Val

Ser

Lys

Lys

255

Leu

Ala

Asn

Thr

Pro

335

Ser

Met

Asn

Thr

Pro
415

Val

Val

Gly

Thr

Ile

Tyr

Tyr

Asp

Thr

Phe

160

Lys

Pro

Val

Arg

Thr

240

Pro

Glu

Asp

Thr

Thr

320

Ala

Glu

Arg

Gln

Arg

400

Tyr
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-continued

98

Asn

Arg

Asn

Arg
465

Val

Val

Pro

450

His

Met
Trp
435

Ala

Leu

Val
420
Ser

Cys

Leu

Leu Val Asn Thr
Ile Gly Tyr Trp
440

Tyr Ala Leu Cys
455

Leu Cys Gln Tyr
470

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1
Val

Ile

Asn
65

Ile

Ala

Tyr

Lys

145

Leu

Thr

Ile

Met

Lys

225

Lys

Pro

Ser

Asp

Ser
305

Glu

Asn

Ala

Leu

50

Asn

Phe

Leu

Ser

Phe

130

Arg

Trp

Val

Thr

Thr

210

Asp

Arg

Arg

Ser

Leu
290

Cys

Gly

His

Ala

35

Val

Tyr

Ser

Gly

Asn

115

Ser

Ala

Ala

Pro

Phe

195

Ile

Leu

Lys

Pro

Arg
275

Ser

Pro

Glu

Gln

20

Val

Met

Tyr

Met

Ser

100

Ala

Ile

Gly

Pro

Pro

180

Gly

Leu

Ala

Pro

Ser
260
Arg

Ala

Ser

532

Homo sapiens
11

Ser Tyr His Asn

Ala Leu Glu Arg

Thr Ala Val Val

40

Ile Ser Phe Lys
55

Leu Leu Ser Leu
70

Asn Leu Tyr Thr
85

Leu Ala Cys Asp
Ser Val Met Asn
120

Thr Arg Pro Leu
135

Ile Met Ile Gly
150

Ala Ile Leu Cys
165

Asp Glu Cys Gln

Thr Ala Ile Ala
200

Tyr Cys Arg Ile
215

Asp Leu Gln Gly
230

Ala His Arg Thr
245

Leu Ala Gln Arg
Ser Thr Ser Thr
280

Asp Trp Glu Lys
295

Ser Glu Asp Glu
310

Phe
425
Leu

Asn

Arg

Glu

His

Ser

Val

Ala

Thr

Leu

105

Leu

Thr

Leu

Trp

Ile

185

Ala

Tyr

Ser

Leu

Val

265

Thr

Ala

Ala

Cys

Cys

Ala

Asn

Thr

10

Gly

Leu

Asn

Cys

Tyr

90

Trp

Leu

Tyr

Ala

Gln

170

Gln

Phe

Arg

Asp

Leu

250

Arg

Gly

Glu

Lys

Gln

Tyr

Thr

Ile
475

Thr

Leu

Met

Ser

Ala

75

Ile

Leu

Val

Arg

Trp

155

Tyr

Phe

Tyr

Glu

Ser

235

Arg

Asn

Lys

Gln

Ala
315

Ser

Val

Phe

460

Gly

Val

Trp

Thr

Gln

60

Asp

Leu

Ala

Ile

Ala

140

Leu

Leu

Leu

Ile

Thr

220

Val

Ser

Gln

Pro

Val
300

Thr

Cys
Asn
445

Lys

Thr

Asn

Glu

Ile

45

Leu

Leu

Met

Leu

Ser

125

Lys

Val

Val

Ser

Pro

205

Glu

Ala

Phe

Ala

Thr
285

Thr

Thr

Ile
430
Ser

Lys

Ala

Gly

Val

Val

Lys

Ile

Gly

Asp

110

Phe

Arg

Ser

Gly

Glu

190

Val

Lys

Glu

Phe

Ser
270
Gln

Asn

Asp

Pro

Thr

Thr

Arg

Thr

15

Ile

Gly

Thr

Ile

Arg

Tyr

Asp

Thr

Phe

Lys

175

Pro

Ser

Arg

Val

Ser

255

Trp

Ala

Cys

Pro

Glu

Ile

Phe

Pro

Thr

Asn

Val

Gly

80

Trp

Val

Arg

Pro

Ile

160

Arg

Thr

Val

Thr

Lys

240

Cys

Ser

Thr

Ser

Val
320
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99 100

-continued

Phe Gln Val Val Cys Lys Asn Glu Ala Lys Glu Ser Pro Gly Lys Glu
325 330 335

Phe Asn Thr Gln Glu Thr Lys Glu Thr Phe Val Ser Pro Arg Thr Glu
340 345 350

Asn Asn Asp Tyr Asp Thr Pro Lys Tyr Phe Leu Ser Pro Gly Ala Ala
355 360 365

His Arg Leu Lys Ser Gln Lys Cys Val Ala Tyr Lys Phe Arg Leu Val
370 375 380

Val Lys Ala Asp Gly Thr Gln Glu Thr Asn Asn Gly Cys Arg Lys Val
385 390 395 400

Lys Ile Met Pro Cys Ser Phe Pro Val Ser Lys Asp Pro Ser Thr Lys
405 410 415

Gly Leu Asp Pro His Leu Ser His Gln Met Thr Lys Arg Lys Arg Met
420 425 430

Val Leu Val Lys Glu Arg Lys Ala Ala Gln Thr Leu Ser Ala Ile Leu
435 440 445

Leu Ala Phe Ile Ile Thr Trp Thr Pro Tyr Asn Ile Met Val Leu Val
450 455 460

Ser Thr Phe Cys Asp Lys Cys Val Pro Val Thr Leu Trp His Leu Gly
465 470 475 480

Tyr Trp Leu Cys Tyr Val Asn Ser Thr Ile Asn Pro Ile Cys Tyr Ala
485 490 495

Leu Cys Asn Arg Thr Phe Arg Lys Thr Phe Lys Leu Leu Leu Leu Cys
500 505 510

Arg Trp Lys Lys Lys Lys Val Glu Glu Lys Leu Tyr Trp Gln Gly Asn
515 520 525

Ser Lys Leu Pro
530

What is claimed is: 2. The cell line of claim 1,

1. A cell line comprising recombinant cells which have 40 yperein the heterologous nucleic acid encoding a mamma-
been genetically engineered to express a.functlonal mamma- lian M3 muscarinic acetylcholine receptor is SEQ ID
lian odorant receptor, wherein the cell line comprises a het- NO: 3. and

erologous nucleic acid encoding a mammalian M3 muscar- herein the heterol leic acid di
inic acetylcholine receptor in combination with a wherein the heterologous nuelelc acid encoding a mamma-

heterologous nucleic acid encoding a mammalian RTP1S lian RTP1S protein is SEQ ID NO: 6.
protein. I T S



